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.a©14 m wmQh&ritji's^ afsmts tor the protaoti.os 
®f f®»eiitabl« mgrnm tmm wm& em.M %hm sttb|@ot of this 
lii¥#st4gs %!©»•• 
II* msfOKicix 
fk« first 3?#e©if€©4 ©lj@ts^ati®a tfett mtmmh ©oa-
ir®rt®€ ist© sia^r® bj tmaimmt with a^gits tsrtts »a4« fey Blrehlisff 
Clilll wMl# s.®«r®liiaf f#ap m sabstitmt®- for gu®* le tm&A ^t 
itiut® smifari® a#14 i@%at©«s or wfe#at iBt© s i^gar* 
a# aia® r«f©rt®4 ttot 10© p®mts @f potatoes wimM yi«lt fifty 
p©imts ©f i^ rap lairing tk# ®ait# sweetasss as grape sti^ r* 
th# lit«ratiir# tm tte aext Aseate is 0r©w4e4 with the 
w®rlt ©f ©tiier iavesti-^temi reiststiag asd e©afii«iiig MraJsixeff *s 
^ta* fogel @irri#t mt ®3Eperla«ats pfoiriag that tfee 
sxi^ rs pr©.ia©«i. by s@ia sa#@fearifi@®ti©n ©emit b# fer»©ate4« 
It mss€ f#r®tstati©ia. t«@ts te tJa®- &Bt0imt of redueiag 
su^re fer th,® next fif% year® iav8sti.^t©rs became 
©0»@#rae4 wttfe tit# :^3?®&0ts ©f a©44*l»ytrQlys«& star oh and 
me^«t«4 ftw?t^-€a' effort® t-c»ar4 %M effioieney ©f 
tb@ pro##®a« 8ixs@ml%@ (ISiB) iJ.@#0Ter@d t£te fa@t ti^ t miQh 
better mmmmt&m. was ©btaiaed if the at^mh was hyteolyaed 
mder grespsa?©* 
Miite {1S80I ®®«tl,®t#i. a exhaiistiire ImTestigatios 
m ttee ®ff#@t of dilute smlfort® a®id oa atar@h« He fomd that 
the r&pidity #f smeeMrifieatioa is propurtieaal to the eon-
®®atrati©a ©f the «®il. aa4, withia certain liBita,^ to the dtira-
tiea of its asti:®H aad to the tempera tur®. Alii ha* a results 
were based m the «©mt ©f rediafiiiig smgars preaeat as detewftined 
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if the aeid prooess woaldl allow a smbstaatial smring in ©ost 
of til® bttr* it wmM. mot be oooaoaioallf s®m4# 
Bsrb®t (1912) teserlbei. a pfooess for saooharifyiag 
©OM with § to 6 ptr ©©at b^ajpooMori® sold. On fetrmmtlng 
tMs proinot witia y»aat It w®s reported to yitl4 almost as Eauoh 
altoiiol m is @b%®in®d fros the ©©nTentional proeees* fh« de­
tails of tMs woKi ar® mavailabl®, and it it probabl® that th® 
ffl@@liaiii0al aiffioiiltits «n®oimt®i*e4 would not allow oooaoiaio 
©oii^ etitioB with salt l^ iroljsis. lfor®ov®r, th® cost of the 
aoid and allali r®qtiir@d for its a® i^tralissatioa whea us®d at 
%bm& M.#i ©oaeoKtratioiis wotild m&Tlj «qual- th® oost of the 
ffialt ms®d ia th® ooaT®iiti®aal proe®8-a* 
Stity®a (1911) asd® a report on the aeid hydroljsis of 
staroh d«aliag frlwtrily with the proiaets ©btaiaed» Siixo® 
this work wm ©arried ©mt at §5® 0» with 1 p®r ©eat hydro-
ehlori© aoidg th® yield® of sii^ r® were 93Etri®ely low aad of 
a© pra®ti®al ioportaiioe to the ferneatatioa industry. 
lefrea (1913) studied th® fementability of mixtmres of 
gluooas aad deactrias resalting fro» the aoid saooharifioation 
of staroh. fh® preseaoe of dextrijas «aa fowad to rotard th® 
feraeatation of §lm@©se» fee® thee® results it is apparent 
that a high degree of ©oafersioa aast be attained before good 
sloohol yield® eaa be eaepeeted# 
Weseaer aad feller Cltl6j deterfflitted the ferwintability 
of ®o-ffl»®r0ial glwose solutioas asaamfaottired by the aoid 
fertroirsis ®f mms lawsttgators fmM, tMt the 4«x« 
trias altiiQiigM ©fiftaaJlly tuifsi'Mntsbl®, were «s<m-
ir#rt®4 iat© f#3?®eat»fel.@ i«iar@ by t'li® asMeii #f fal»-4ias1tase 
la, JLtBl mi& was «aplQr®4 ®g®ia fei- tlt« eim-
•«f»sioii 9t mMm^ iMi-tti^ iais t»t® amgars with t&© 
iat®ati©a of msiag tto® jp*#©#®® f©!' t&a p.if©4ii^ti©a of' alo-eh©l* 
1®M'S .sis4 *«iii® Cit-S3,J itai.# m s^ta% of of 
@a.ssava mslag' a«it J&|rirol|^sls#- tftea aMltloa ©f EDO ml* 
©f •©•S a^iwstl sitlfwl# a©14 t© B04 graias of stareh ond m&Mns 
®t 120® tQT S»i hm^m m ©f ft«i p#f 0#at ^ueoa«,. 
bms@t m eassa-ra., ms 3?»p«.rt@4. fltsy @lai»4 m alooiiol yield 
©f to fer e#itt ©f tlii!#»'ll@al wb«a. e#rtaia iaor^ani© salts w»re 
ms®4 as timm tiir#«tt.g®t©rs timt ©®apl«-t# 
©®»«rsi@a ®f wmm ©totaia@4 %h»m eoit4iti.©a8. 
Sl»# m sti^ KP- ©s tlui eaa®aira' wsr# r«» 
fertst* 'it 1® m#t ftsaitt# %#• tMs assaaptim# 
tfe® ©£ 4#xtf0se f«« stayeli is m 
•tstsfeltsto&A ¥#»y li'ltl# taf@»Btti0a oa th® process 1® 
mmllmhM tm tto Sir®a tia@ »«t®st lit«ratw® iBax-
•t^tii Amteaet- ilf'gS). Gii#ir®3i®t (IfgtJ, aad S^yfa.s 
Im mm brlmf tJtet' notMu# ©f m&y "wmlwa €raa b® learaet 
trm it« filMw® (Ifto) «4® «. mthm 4»tall@t r®--
f i^rt ®a th» wi4 l^ &p®l|rsia of m%mm stmaylag 'tit® iaflm««@» of' 
tia® aaft fap«#sm» m tb® yi«M of 4©xt«s® ©btaliieA# fhe 4sta 
&km ttest «i« yl,®M wa® #lJta:l.n«4 'by tipestiag a ataiNsh 
amspsasiim (Sf* §. 1*120} with a e©a<i®mtjp®tioa of hyarooia©rie 
a©l€ efaal to 3*4 p«i? @®at ©f tlie w«ig!it of tli® firy staroh for 
SO ffliamtes at a steam pr@®sajp@ ®f #itMr 30 oj» 40 pomds p@r 
stmsy® iaiM* Aitli©ugh 0@a8lt«»bi# iata w®r# tabulated tiie 
ish&lm ©f m ,8»tte©4 f©f aaalysia wmm aaforttiaat®. fh# 
s@tli,©€ m##t wmm' as f©ll.®sr®'j 
••lO ®s. #©©l®i. ma«fle f©isi?s4 iato 90 eo* of 
al@©1fe©l 0®ataia#4 la a 100 m* ipcatmatet glass 
©yllater* fhm oaltost ©aft glmt^se tissolYe la th« 
alo#li0l, feat tlt« textria, btlag iaaolabla^ is pr«-
®ipitat«4 «a4 will sial: rspiCly to th« bottoa wfeea 
tfe» fmmmtmgm my b# taie&ly as^ertalasd. With 
fraetist it is not aeeesssry t© wait for ttos dex-
tyia to settle I the p«2?©#ata#e ©an be Ja%e-4 
rou^lj by tfe® asomt ©f tiseolowttioa oa a&diag 
the litaiff to tlie sl@oliol#* 49? • 
fhe. entire iaT@stia:®ti0a is of little valae beoaase of the ia-
exaot prme&mrm followedw 
Sevei"®©a i X W f }  »tati@<i tim saeeiiarifieatioa of cereals 
by tojftfoolil-@fi@ a@i4 «a4 tfee «leoh©lie feyraeatatioa of the 
j^tFolgerates* IfeeM toy4s"oljsi.a w&s oarMeA oat ia a 300 »1* 
&lea®©y#i? flaslc ©oataiaing 1& ©f the gspaia aa4 100 si. 
of the aeit solatioa* fbe oefeals iavestig^te4 were wheat, 
isora, oata aat barley, the fantors sta4ie4 were the aei4 
0onceatratl©a, tiae iMftt teajseratar# of ii^trolysis* Severaoa 
foaad that, ia geaeral, better al©ohol yields were obt®ia®4 
asiag lower &ei4 ©oaaeatratioas aa4 higher teaperatares over 
loader periots of tia#» fh@ best aleohol ^iel4a fro® ©ora 
were obtaiaet b^ l^irolysls with 0.10 aoraa-l aoi4 for three 
hoars at a eteasi presaare of Si poaads per sqaare iaeh* B'a4er 
SQUtltiOEs ©nil' about 90-98 p®r «®iit eoavdrstoa of stiupoh 
to toxtFOSt . mm aloohel ji»lta w«ro aot , 
abtiilB«t ^oa «asJi#s «M#li sliowtA tit® Mgliest titer for rsdtio-
iag sugars* fa all ossts' tb# yleld^i ©f alcohol froa the aoit 
saoobarifi^A msMss w®r® oa tl» sfsrsg® 12 p#!* ©out less 
tliaa til© yielts feoat aMlt*ss#oliarlfie4 aasfees. 
Yal>%ta aa4 Iso llfStJ tair#stl^tt4 the saoeiiarifioation 
of staisiib. Ijj M @r@iat.0 of staroM was heated 
with Q parts of 1 pea? @®»t oirgaMo s®i4 solutioa at liO® C« 
tm Wmm homies* fliej e«0lm4#4 tfaat the afflouat of l^<irolysis 
obtal»et in geaeral psrallelet th« pS. 
Sohoea#., ^aiaieir aat Hiftes'lEofltsr {1940) i»irestigat®4 the 
effoot of aiAitiom of salt aa4 .solft-feraa to ®ei4-iiyajrolya»4 
'30.3P1I oaslies- It wa® fomt im f«a«rsl that th# aSMtioii of raalt 
ii4 aot lao.i^a@® the aloobol yt#M to a^ appreelable extent, 
aai, ttais it fee eoaol^Aei. that aoit hjtroljsls Is Jwt aa 
effeotife as aaXt fJt« additioa of aold-feran ti4 
oattse a t»3*eas« in aleohol jlel4., aai this would In-
dioat# thst it was more ®ff#oti¥®» ^ifoytuiaately, however, they 
did Bot itwk a ®eMe» t©stira.g the three raethods slroaltaneotasly 
mk&.m similar laboratory eonditioas* 
Bmmmm. (1S40) stwdted the aoid i^drolysls of r^r^/ 
ooiioeatrited ogssafa ffiashes, la whloh the proportion of the 
mmplm to aoid wms oarrted me as 1:1. Ihe m&xtmmm con-
versioa of atareh to sij^rs was obtained when the ratio of 
'13 
sa»|)l© to sold was ls2*3 to ls3 «a4 wheat the ooacentratlon of 
sialfOTle a®i4 ii©s-0»4 aorml-. MQwewTp j@@st ferffleatation of 
til© a©la b^4r&lymtm gam foor yitMs of $thaaol» fh© beat 
jltM WM only fO '^S pi©3r &mt* 
fli« &b&v($ r&wi0w toflnittlf iafileates that the liters-
tiire 0m &qM hydrolysis of sttroh for protootioa of ferment­
able sugars im atager ia4@@4« lat from the restilts obtained, 
it Bmm loglosl t© oonoted® this part of the historloal seotion 
of this the«la with the following qmotatioa froa the report of 
th# mrmy for the legioiifiil Eesearoh ^horatories {1939): 
"fh® mse of mi&B to oowert starohes for a feraient-
atioa prosssa has ae*@r been praotieable." p« 31. 
Sin©# this theais deals with both mineral acids and 
molt mmjMB® m agents for ooni^ersion of starch to fermentable 
i® sis® t© review briefly the history of 
the us© of »ol4 mayl&m* Although molds teve been msed for 
centTirie^ in th® Orient for snecitarifioation of starchy grains 
prior to femeatatlon, thej were iatrodmeed into other countries 
only ¥erj recently* 
la the Orient n#. atteapt is aad® to use pur© eultxirea 
of ®el4s* Instead a ai»ft omlture of wieroorganisffla which ©re 
aotive in the l^drol|^sl8 of staroh is employed, flm oulture 
is grown 0*1 a eool:e4 rice sulsstrst®, and the resulting product 
is kaowi as "koji". A coneiderabl© number of molds with high 
saceharifying power have been isolated from thi.s source* fhe 
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nateriais 41.r«©tiy witMomt tlie sAflltloa of yeast. 
yemasli is mm ©sill..@€ »a®#a* romxii. although tn soaie 
#f tM ixtmmtwm It is 4#sigamteA s,s Aarlet^ees Maeor romadi* 
0@ll«tt# aat loi^Ata (16f?| t©ok cmt a pateat for the 
pTOtoettsa ©f mlmhjQtl f^oa st««f'Jiy smfestrates hf tb.# use of a 
wM&h they ©fislled liag^aiae®e» It is probable tlaat this 
aoli. was a^allf Mw$m « fM-s was the Qrigiii sf the ifl^ lo 
f3fetd#S8 whi©h tas beeii m»#t la 
Mm% i®f the llteiratmr# tealimg with th@ Ai^lo proeess 
i» a0t mmmmihl^ mi&g t® fsteat ^estsleti^ iis, Imt aall® C192SJ 
aii4 Owea ClfWJ haire ^mhlithet »ti#l#e on the details of the 
sethoAs ma#4# As the proeess i.«Tel©i3©4 the original or^aaisia, 
Xi^ #g y0ia|.i« was rtplattt fey &%hm mel4s. Wm'OT B*» Ma.-g®r 
aat fiBally Ehi»oima ael»««r^ were usti. la the o^der aa®e4*- All 
tf these w®r& Ia@l®te4 trm -eithea? '*GMaese Yeaat" 
©r "^afaaes# Eojl**# $&##« «fpiai.®as were a©re r«pi4# h®4 a 
neater tm mA preAmeei. les® a@i4 than the 
©i^i^nftl w®M* th« ©r^^s» usell st the presefst tiro®., la this 
is mmm h#mlay4 Wmk&r §• It is a. irery rapid grow­
ing ®#M «ai. tims has the ability t# holt its mm con­
taminants. Shorter tiae f#r f«iws.atatioa is retiaire4 (eoaplete 
itt 48 hows)* «»4 the yeast aat aoli. mf be ai4e4 at the saise 
tiJWB- ttetfeer ®r aot tM-s ir©«e«t is eesa©©i©-.allj so^aad is 
still 4eiiat«t»' 
ilSfil iTOl§,t«4 a fare ©altwe ©f 
•16-
twm M&Si m&. ms«4 it tm pr©a»@ti-on &t ai^lase* 
Xa s mm- mmmt- mpmt (Ifl#) t® 'imm imr&st» 
i^.t«t 0B m t#«l® ia lifl tk« of Asger-
gillmg 0rmm^ tm th^ mmmh&itlfimtlm @f ®paiii» Thlw proj«<st 
TOS ea«?i©€ .©lit .at Uteris,, llllaoia, mA was rm ©k m 2„0CK3 
femsMtl seal# tm Bmm&l .©©atltS'# fte« @xp#pi®®at was partially 
bmt ilt a@t .sittaia gsa&yal T^mgal%im &£ its ansrit 
«li#0a*i3# it still mmn to ©W3?©.«® various inpediments 
ta« t# tr»ia s.«41ti®as. and difficulties is adapting th« pro-
mmn ia tfe# aew fi»lA ®f apfli^atioa". 
Sait© (If©?) r#p©rt.®4 tli® isolatiea ©f a mm species of 
TOld fr««i lE©|i wliiah im mmm& AB-mTidXXm featatm#* 41tiicm#i 
it if.-s,s r«f@i'te4 to pm-imm w^ltt#.» %M iaftwatioa- given ia 
rstlsr »«ag«r «t womld l#gd ©s® to &®li©v® t^t its eapaeity 
t® l«r#dm©« «^la» im ir«ljablj amit® li»it#d» 
OfeagsM (If 141 dt«ii»d tte«® aiesfeers @f tli© g&mxB 
4gpir l^lma«. a»®®ly .A#i«r l^lm®. Aingraillm® al|2S* 
Aap#rigl.llitis g®iidi&m8..» a©tli©4 mi!@4 was t® tr®et starch 
with t.h@#« a@lda sad tti®a d®t«3Wii«e th,® araowat of stigars pro-
tee«t., 1« @l«iTOd A:8.|i#rgllitis eMgaMi aKd Asptrisillus eaadidma 
laroftmd'et @®stidtrabl@ »»®imts «f amylase, but aetmal raluss 
w©re a#t giT»m» 
S#.jal#a CltMl aa tasya® pswdtr by grewiag 
.4si>@ri^iia.ma t@rrt.g--o.la for f^w days ©m em artlfleial medium*. 
Afttr tM fflgr##lii« w®@ w©ll wasfcsd witii water, ©.euteae and 
©tfaer, it WS8 allowed to dry aad tUm grc i^md ia a Bill- fhis 
pewtftr.was t© & soimtionj^  sai4 after m& iaoubatloa 
p@rl.0i, «jf tia?## 4^s SI i®r ««at ©f sita.re& was foim4 to 
hsT® b@#m eoa¥«rt®a iat© s^mgar* 
fatei^ii# ftmit AsfHjrisiia.m® o^za® ^pew T#ry w«ll 
oa wii#iit l»r®a» It Mum®4 tMa pro^iyit aat 0arrl#4 
omt «xp«ri»#ats to- 4®t«rwi2i» its #fflel-tiasj for saeohariXioatloa 
as ®©«fsiy«i. with mlt* Pit© to a -tsrj favorsbi® report from 
falEaaiii©, ^ka^^Xo-Ji mmm tri#4 m a plm% Bml& hf mram Walletr 
aai. Soms im SamaM iaa.4»r tto® ttreetiom of 0rt-?«4 fho-
uXmhol jitXts ir®r# fe#tt#r tteam ttoos® obtaim«4, fro® salt., awM. 
aitfe©«#t fajtoft'-lojl wBi® t©ii8l4«rsl>3^ Its® ®xp®ssl¥« tliaa malt, 
tb® pr@©®«« w*» Maoar4«4» ffef- it was Is lusiMom siaoo Ortre4 
11912) Mt# a £.®Toratel# rtport ®a Its tmm* E« claimed 'that 
althoi^ till# first 4i«till«.tlom fro&w#4 m fro&iot wMioh had 
® wtstj* tast®, tMs «r«s tstir«lj r«iieif#4 kj r^Mstillatioa aa4 
f«ll#4 to 4@w.l©f mgaim m fatosia® Clt94, 1S96, 1910» 
IfH,. 1912,. Itlt, If Eg-)' obtaia^t. pa.tfmts- ia the l&iit«4 
States for M.s 4ia«t«ti,@ pr@4m0t ant. its use im tM« fome^tati^  
iB4mstry» 
eoll«a® ClflSl iawstigat@4 tfco po»»iliili%' of pro4'a0-
tag iatmstrinl aloo&ol .fro® oassava. ixpt-ri^ats wore oarri«4 
oat tooth salt aat taS:a-»4ig:Sta@« «s saeoMarifjrtiig agomts.-
f3r«i3M#t s@arly S per o@Bt «oro alooiiol thaa 414 
aslt*-
OaM* a»4 etoro& (lfig]> wm4M mn iat«a,slf« iawsti^ -
ti#a of TO14» isoiatot froa ito i^ ia or4or to 4®teraiHe 
&mmm f2r#ta,«@4 the Imgmt, f^aotities of A&mT» 
gtllug «ai. m m&M. t&m iMtmwm'&M&t® b&twmn As^ar^lliEUB 
flmma- w«re fcmut to h& tfa© mo-st potent 
&t ftais iaT«!©ti^sti,oa was tli» first to mho^ 
the gr@iit 'irsriatiea wii,i®li ii»y fe® femi ii» 41ff®r€iit strains of 
til# gttM a«14* ffety sla© .stmai«4 .»b14 ^©wtli aad &nzjm pro*-
4a@ti®a ®a tli« f®3J.!OTrt.iig »#4iai wk@«t brem., wli«at mtddllags,-
#-em »al^  -©©e^ammt asml-i, p«aamt m#al, @0tt©ns®«4 esk«, oil-
•extr8St«t s«|^fe«aa -mfbem <5ruslie4 sorfesams,. arltd 
gr^aaad irtet ©©ifisii, aaat @as#itt. fh«f fomt wheat bran 
to fe® til# test smiistrate# •0#M» CifSiJ »j:t&a4fl4 tMs study 
aat .fguilt th# teaiw® to b#' gr^ste-st at .pH 4.«S 
t© St® «Mm|ria« wm. t&mi,. to b# fe#at lal'tei® bmemln^ com-
piet#!^ im@tl.'¥«te4 wbmm lt#«te4 «t -0. ,f@r ©n© ii©mr. 
Msrate tli» prtfarstloa m€ ^opmrtim of 
A-gitrgill.ms m^m^rn fii® -@mltw«- ®f msM was,grown ©a fioelEed 
•wteat bwm eoatmialag MO |«r @«st Wimlmam ^©»'th was 
att«la®4 to© lar®4a f@aa4 ttet %lm Qptlwam pH f©r 
essf'Miti.# wttvtty im#r@«s#4 wltfe tftupftratmr©#. At 
3# Q* tfe@' mptimm fH'was i«t| st i®® C»,, it mm &*%* Wmmm^ 
at t««;f#rateres i0® 0# tlit #ptia«a pH reii®i,a®4 irraeti-
•mlXy at m mlm ©f 
tiii -itM ©Ma t®B sp®e.t#d ©f Aspergillus.* 
fimy ttent A.sp®r^l'3>lms: eiygut 'iold. ha4 tm th,® 
gr@iit®,st mmmMmwltytrng p«!?er of 8^11 tfe© speeie® exaratiswd#. 
-It-
tafe«4a mtmKa Qt iBMg&piis 
fmm fjr®ttt©©4 4a JaTa ®a4 Sumatra, 
©f tte#®,: tmQ feat, styosf jt®w«]rs» flwiy w«i« 
ttswi. IMsfgaa a#wgygaiti^ a»ta sat Ifaisnpas jteSMSSS* 
was tmM€ t© b« ©sfesiailf irslma&le fcir tk® Afflylo pro-
mm* Riii8#ims w«@ t?l@t mm m ©0»®®.reial seale la 
#spffl mmi, iir@mom@«4 mntimty sMMstmQtQwy* taS:#ia 
th&t th»- ^s®ylolyt4-« m&tim ©f lM:E#gtts Jaraalema was »©r« rapid 
thaa fhat ®f lM»pss W^iamm et aaazawa* 
Mats aii4 f»»»ka investigstloas 
•@s fb@ fosslfelMM®© &t 't-M Aifi# fy®©©»8# ffetf 3T®porfe«:d that 
IMgoTO iaa.#».ir lat MHz0m& itlfet I wa*© tb« best »0l4# for li^ lWiinwailgllimil 1 ril(lt)|[|tiiui|i|iiiii Uii|MMimn^ iiiii(iini|an!|)iiiilUJi>* IWhtiiiiiiiii.Wiaiii wnm 
mB» tm this ^@e«#8«-
Piilmr am4 S®te©@a@ fifgfl stm4t©4 Asg^-
Mi Mm e»2S£» tlmmrnm UmQr rom3di> HMgogos 
SSlS^E* SHSS.* j[.# 
®irQt»»13iei4ii8#, • «at Wmw Jay.aai#iig for m^Xm^ pjpo-
ia©ti@as# tli# frellataai?^ r#a«i3,"l8 Aap^r^llma- aii4 
tim tfeip#®- iMg.®p»:g flipl4s lta4 ab#mt tite ssirti aetivity* Aapgrgilliaa 
Qmmm wm um& in fm%Mr toTeattgatioas m %M smitability of 
«slag ii©14 -pm-fimmMmm feir sa®@toanfyiag f#3?»at«itloK aia&'be®* 
Wnfortmaattij Asgeirgtiliia oiTg»» was® not ©«fflpar&4 aireotlj with 
IMao-wt® tgtQlti sat W rmmimg m ssrits of 
s«»# MffiS a»4 mttr «xa@tly tJa# same eon-
titieas* tli.ej f.o«a4 tliat by %tm us® of Aapergtlltis 
©a wMst @ 9© f#r e@mt ©OTiTtysion Qt 
strnmh tata mlmh^l m'mX^ fe# fMs was e 10 p@r «eiit 
^««ier yttM ttesli &©mlA, i# Q.fetsiii®4 ffe-js. malt., ffe® ®ol4-braa 
was tn flve^galloa jfatattsg pyr^JE bottlts# A 
was, tev»Aoi>®€i fl» »st isportast eeatari-
fcmti«a wes tk® taflojatet. ftilmt® ft©i4 laste®4 '©f wsMr; this 
p»wat#4 gr®wtfe ©f ©rgaatstts# fim 
®f msiiig ta pl&e# ©f «a3L% mm pelat^i. oaf to the 
#f tMs a«Bely..(. ii©lA»toj?am is Itss ex:f«»'-
stir#, se» p»iiyr#€», aa.t fl-r®® MgJi#r aleofe©! 
Sefc&eii#.., WXamT te#«irl©fa#r I If 40 J @#fflpa3?ed aalt» 
M©lt-tesa.», ,»t soffe©«tt 'TOsl a® Molt-
fersin was t-mmM. t© fe«- %&©• a^st mtfrneMm* fli« m® ©f irari.©us 
#«feiiiiM©as ©f tlisss ttee« ageats w®s |tr©T©a 
tO' bm littl©, if ai^ .* ttem tla® ma# ©f aolt-braa alome* 
lIo»8¥#r|, tfc® «441ti«a ©f or s'sg i^aatioas -ef ©olt-
tesa «€. m&jbmm mmX to ga^© a 
ime»«:a» im alsofe®! 
tais0E (If40) th® ws# of »©M-byaa as a 
stta-eliailfj'iiig a.#@a^t f©r- tfe® of aleohel from eassaTs# 
t&« mm m£ a t^aati-'t^r #f s^tial t© 7-#S par mn% of 
tto welgfat ef tiid ©&swr», nl««fe.ol w«ll a&eire SO p@3P ©tat 
w#aNi 9fetalai#4 m4«y latoQ-fatoi^  ©0»€iti-oas.-r 
f&# h-m®% ir«sm2.*» w@Tm «t%ain@4 wh%m tfe# soM-bjraa «ms iatro-
4mm& iat© tJtat- mmh at SO® S* fMs Msmrmpy wdmld eliminate 
tfe® ©mstiiiitti^ Btalting: frewtmi'® ©a3pri#t, #m at ®l#irat»4 
tiapsrstiir# s»4 tlwis p»,smlt %n a ^smbstsatial red-aetioa 
im Wm m&% &t %im 
Vxk^rk'&tlm-t m€ laa&al®©- (If41) soatiimed tlie 
invmti^tlm &t lto4&rl:ofler» fulwr, «& S0ii©«ii8 (Itgf)* Fotir 
straim® of Asper^llmg OQ^ss, two ©trains of RMzopms sp90le8» 
a laoor «»& two «al4eatlfi#4 yellow molts, probaljly members of 
Jt.®p®rgllltts flavas*oryga« gromp wtr® lairoBtlgatod. fwo 
stMias ©f Asporgtllus oi^sat., Iliigopmg' orygae. amt KMaopus 
tri'tlol wsrs sepeolally good protmoors of aaylas®. flie alooliol 
yields obtained wtre appro:Eli»t#ly 10 por ooat greater than 
tlios® obtained fr©« umlt* Atttapts wer® fflado to grow Asjger-
.gilliis orygg'® on TOrlous fibroma natorlals iaelmding wheat bran, 
©om, braa, ©at tolls, oottonaood limll®, oora oobs, sawdust, 
possttt hmlls, tod ri©@ tolls• Wioat bran sad •dry-milled oorn 
bra» were tfae only substrates of tfciose tested wMcfe adequately 
supported tfee growtti of this strain of «old* At the present 
tlae this Investigation of varioms other ©olds for aasylase 
protootion sad different wsthoda of growiag them are beiag 
s'tedled is this laboratory* 
SiBOt this thesis deals only with the prod'o.otioa of 
feraeatsble smgars fro® ststroh, m atteiapt has bees made to 
review the extensile oheaioal iavestigstlons on ataroh. How-
eT@r» the eh®«ie«l strttotwe of this substanoe is still aot 
definitely settled. A very oonprehenslve aurrey on this field 
has been made- by Waltom (1928), who published ia, book form, & 
wmf'lmw @f tfee liferatw® tm&m XQXl to XM-$ m tMs 'sub^eot* 
111* mmmiJkm 
Iap@ftamt Materltls Vmm& la fM« lavtstlgstloa 
!• 'Qmm. stagth 
fli® #@m st«r«ili ms»4. la tMs ia^estlgatioa wes obtained 
im t»© l@%s tmm tk® Mmv-imwk teis®-?roitt#ta SoaiNaa^^ Hoby, 
lailaBft'. fMe fi»«t Z& peimt let was. obtaiaet to# ai, 1940» 
It was ®sr«fallj ®ix®4, samfl®t» sad stored In well 
stot|f®^«4 b#ttl«.s umtll iws®4.« fhtm 8i«pl«d Wi.t®iPial yielded 
fa»t •&€ gkmma p&T 100 ^«»s of stareh whem ^dr©lyz®d 
with «@i4 to tli© Official aad f«BtatiT« Met&ods of 
AmlymtB #f tfet 4i###itti0a of ©ffieial A^iomltcofal Glieraists. 
fl» memii. M pm&^ l®t arri"?#d m W^mh 3, 1941 • fbls mat®-
risi wm stsf^ii tad fast to b« .ground through, a burr »ill 
b®f®r® it eissld be ®i::^d sad sampled, fhe glucose ® qui Talent 
of tMs »at#rial wm fi*0 psr «®nt# 
Sl* g^^a*^lut®a; isai-al 
fJte®8 di£f®f©at let® of ©03®-glut«m meal were used In 
this iBTestl^atloa* ffe® first lot w®s deslgaated. as gluten A» 
It is of ualnown origin being ®btitl.aed prior to Februa.3^ 1929• 
Its appeajrsas® ®ad o'dor ®u^ge®t tliat it probably eoatains the 
3te@f wm%®r oonoemtrmtes* It wa® ms®d beeau®® at that time it 
was tk# omly gluten awllabl® in the laboratory, aiuten B was 
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i t 
siimti? ttoiwgtemt tim of th« iB'rdstigatloa to maintain 
a y#a:8t 
f&® gumi3lim tm #xp»irl..i#atal ws&ns wss iweparet i>ar 
ia@«tilatiiig $QQ A* ^ hms- mmt witli § %© S ml# of a iri«-
&wms ytast i®4 tmeafeati^g at S# e« fej* S4 homrs. 
«ii«t i» tW.s ia*«sti.gati.©B waa j)rapa^©4 
bj tlit attk#4 tfi¥®l®p«,4 fey -®a^rlE©fl#i?., aa4 S®lio#me 
flt3S)« Sto m-^€ wm «ssts,tl»llf is fellows i SO© graae 
mlmmt mm ,fla©«t ia a fliNi- ^II-q-b p|if@3E bottle ant 
»l»i. witii 1,0©0 al.- #f somal solfeorie aeit* 
fli» iN&ttl® wa# wito. ©#tt«a aat at«MliBe& witli st«aia 
at a fi*@s»w® Qt BO' p&m^ t#r Bfaa*^ iatii £&r two hows* 
'W$m m&ling te f©#® t«i«ratar@». 'bras aasl was iaoQ'ttlatad 
witli BQ g^mmm ©f a wall. -ei#imlat@4 ©mltmap# @f Aafargillaa 
.»yMa 4@8lgaat#t i® tMs lafe©Fst'«^ as Mm^me 40. 
mmmmmrnimmmm <*w*!iiiwwewwwwi. «MMii«i.' 
til® i»©©miiia w&m •gtmtmm'iy pf aparat W 2S grasiw 
«f wimmt Wm mA B§ 0«S aej®al amlfmri© aoid ia 500-
.iil» a?l«M«y#r .flaalBi» f&aaa flaska^ w@^e ataMliaat ia aa 
rnutm-Mm tm ^ iBlsmt^s at 10 pwm&n at#am praasura. Aftar 
©•©olimg 4©TO t©- r.@«B t«ffi^»aitiMNs» til# Wm ©ixtaj^ ia tha 
£lasl# was iftoamlatat twm « B%mU ©ijltara Aa]»®rgilliis 
•Qgyaa#*^ fk» atiltti^aa mm maiataiaat. on aga-r slaats ia 
a f&# to«a ©ml'feras war© mw iii@'abata& at 30® 
0* uatil wtll spori^at®4., umslly fiv® six 4m^@* swsih a 
eml'to® mm ti@3i i»®t ^ is«^l®t« t,te® five galloa d^mn* 
Aft®* iiit0€«i.ia%4.€« tli« -eoatsilt® #f tfc# toia, we'ip« raix#4 
fey alliwimg tt t© retail#' tm imM m Wh@& m@lX ®ix©d 
it wa» all©w#4 t® m% r#st fm 12 -witfa 0.#ati,m©iis 
«i»3ratl«a* Mf tttis ti»« tli© wmm w«ll st«rt#4, and th® 
&m was rotat@t sl#*fly«- Mt®? 36 t© 48 biKii's tIsB ia©l€ was 
»»*«4 th» irm tat air 'tpiM* ffe#- tiae allowed la tli« 
dres' -wmimB witfc diff-e^st^ pir#p»ati®as.,. fent it was fo\md that 
rmmmml last fi^iw t® sp#i^ati©ii prodiie#d t&i fe®st prodm.et-» 
fM air dri®t pmpmmMm mm ta a Wiley -©111 and 
®teir«d %n st#p|Hi-iT«4 iottl#® iiatil me#d* 
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3#. l®'t»r«iaati0a o£ tm laog^y^a, SlM» 
1^1, mm* ^ SlM 
tm %lm w%@ ®aa« of a s©lm-
M©s 0t ms^% #3c%rs«t«.. toft. y«a«t tm %n thim raetiiia,^ 
sl®@fe©l. is F»te@#4|. tos it' is s#@«saiir atpiy s 0®r-
CS3? til® With «®i€-^tr©ljs«A .^slt#s ©aly 
•& tm tM l»®«r wm% *a nmrnmry* fMs vas-led 
wttfe til® ©f wmt% fref«r®&| tii® mla#® &btali^ 4 
rmaglaf tmm t»QS t# i^kimml p«r IO0 ©!• of b®®y 
w@rt» Fsf tMs wassa n ssnfX® @f ©seli b«®ir wert preparatloii 
was i,s#eml.®*l#4 witli |r«s#t s»4 -tMs @®j?»eti0m rsHm i.eter®ia©4. 
It was #@»t t&at is, t&t of aolt-faraa. or malt 
a mli^% gmmm& ia %hm mmmtim mla# was ©fetai»®t» ls.mp* 
iag til# a»wt ©f emstaat a»«. TOr; i^ag tli« v©iiM© of 
li®«ir it wis f#tiat tliat Ifl® ml» &t hmr wort i^eXted 
griws ef ffe® »@mat ©f sl@©h«tl pr©4m®®4 trm 
a®14--tewi is &i %U» pmmmmii ©f beer w©rt* Fs*m 
•tt'ip«et x gran ef «r'i4-bri» pretwstc 0-»©32 ^a» 
Cd?'#tliia©:l» 1 gri!» &«ri#y wit# 1 ^ a®, wheat braa, 
aat 1 ^ «a ©f hmmy stt@t water pr©4m<3#t r®s#««tiT#2jr o.^4,-
0»®-iS., aa4 i»#g @tlisii®l% 
J,* j|f @-tly»®S yittM 
Im a tyfieal »3^«ria«at tJfe® «:slt -e®iitaii3®4 tl^ © foll©wiiigj 
00 graas ©£ to» stawjfe witli, a gM#«« «tmi''ral«mt @f f5#Q per 
•31-
oeat glm0©s©} 3.8 ®raas of moM-brani aad 20 ®1« ot beer wort* 
fhe f©rii©at04 was distill#^, -aad the first 100 ail. 
of i-lstlllat© w«r® a©ll©@t«4. fii® aptelfio gravity (£0®/S6°) 
of the tlstlllat® waa O.ffSO wMsii corresponded to 13.34 grams 
of #tfeaa0l per 100 al. of ttatillat®. fh® ethanol eorrsotiona 
mere as followsi 
SO 111. of imoimlTO • 0.60 gram ethanol 
3.8 grams aold-^&rma (i.S x 0.08) s 0.11 gra® ©thanol 
total - 0.71 ^am ©thanol 
1 2 •  0.71 • M.62 ©thanol frou oorn staroh. 
frosi ,th« eqmatioa 
^#%g% ——*> E€G-g + BCglgOH, 180 graas of glmoose 
shoiild yi«ld W ^®iis of ®thaa©l. fhms thirtj grams should 
yi@M (S0){0.fS0)Cfe/l@0) s 14.S7. fh® ©thaiaol yield is 
th®r«fort 12»i3/l.4»61^ s 86.? p©r ©eat theoretieal. 
In the 0«s® of aoii. hydrolyssd ©ashea th® yield is 
©aleialsttd ia th® »anijer @xci©pt that th®r@ is ao cor­
rection for ffiol4-&r«n. 
-S.2-
f • wmmm 
a* of qmn wbmx 
i* &f -ataRCftygraat »Qi4s at wfiems eea@t»tyatt©m8 <m 
#tiia.aol yi@M8. QfetaimtA a@ift^aae-^feartfi®4 mmi HjesiiQa* 
Sla@® ell prsviems atttapte %@ ma# s©i€s for saoeimri-
fteetioa ©f star®:fey safe'StMt#® tm tmmmt&tiom. Mi. b®©a r©-
p^rtet ia tlit llte^,tttr« as fory little tafox-a^.tioii 
was availtbX# ©a tht <i©atitl©ii® mmmmmy tm acid hj4r©3Lysls# 
th# fiirst @xf@ri.»at was earrie-t ©mt la tb® f®ll©wlag fflsimey 
wltli tfef ©bj®#t ©f th# «ff@etiv«sess ©f tifferemt 
•i®ta@ral t#l.4@ at "rariem® asae^atipstlms# 
fMTty ff'sas of mml wmm w©lgli®t ia.to &QO-ml» 
Sift goo al# ©f a©14 soltttioas of ¥«rioiis 
<s©ii#eatTOti^ O'a@- a# i^v»a i» fabi# t m@m ®'44e4 to eaeii flsslfc# 
ffife.® mtmmh wms fey ii©ati^ . tbt mixtmtm over a 
•&mra-®r mtii teimf tmry eerefml net to eiiar •sr;^ of tli« 
Mterial*- fMs gtlatiaizatloa was fotmt laeeessary, 
for if tke »aa.|>J.#s w#r© au%o©lair@4 wlthomt tMs tr#atra@nt thsy 
beeaa® laiapy, ©speeiailj st tlas low@3?' sold ooniseiiti'atlona; as 
m r©smlt peer al©«&0l yi«ifs wotiM b® obtalsei.., b@©ause all the 
atarelA woiil4 a©t b© i^|]p©lya#4 ua4#i' tli#«® seaditiess# fhe 
mrnhm tli«a amtoelair@4 tii@ i^ tmi3?ed time, fhe 
mtm were ai.Jtt§:te4 t@ pfi -6 by th® aMltioa of sodium 
i l l  
§ § 
I  
tamm i 
¥l«Ms Ws^m Umm Uml Saesfearlfieit. Witli Ffeespherie, 
ffia€ A©ite of f«ri©ms C®a©«8^totloas» 
fi«t ©f to^ eJjf'sis- lisp # • « } ,  . .  •ai g|- Si 
St@i(a prnmrnm® (Xks*/ m* ia*.} 3.0 ib ig 
Aeld ms®d 
...m94-. aci 
5m©# of aeil, 
s©:r»«l.ity 
' ' liOI 
(ylelt) 
Otil'l 
"um ' 
pes? ©eat 
' m6u ' " 
(3rlel4j 
i3N»p eent 
' Q'-m 0*6 9-6 
••Id 4*6 63.9 30*3 
••ED It.S ?i,6 80.g 
SS »m- ?f.O 76*6 
m§0 4mm1 ?g.G ?2»8 
§4.0 n.o ••j—iwaiialX-
*m 66 .1 §4.8 
l.Ofi' u*3. 64*f 9«5 
!•§§ f5*2 g6.a 
s*m fS.0 iw •wiiia w 
M0 •62.8 
flisu'li?©! s-aa^JL®,, M pm ##»t mlt., f§*Z p®r emt MOM* 
fkmmtimi. yt«M, W*8$ 
•3i-
Instilts ®a®oti3?agtBg since, tmder the 
fflsst fai'srabl® e©m4iti©a®, the yielts ©htalnea were better than 
ttos® fro® Mlt fej the mimmt'tlmml proeeas#-
With ph0sfliorl@ a,0i4 a ^ateal iaerease in the ethaael 
yi«14 was observit with ta©r#asi:iig eoaeeatratioss of aei4 reaoh-
lag fi*3 per #eat ©f th@©retieal with 1»Q0 aoroal aeid* Up to 
%Mm potat th® eolor ©f tim h i^rolysates raageA fro® a water 
white to m li-ght jellow with very little eirideaee of aay char­
ring. At higher a©i<l eoaeeatratioas eharring beeaae apparent, 
th® «®shes were darle browu, aBfi. t^ aleohol l^@14s 4eerease4 
rapldf. this cteorease was to be expected sine®,, at this point, 
soae of the Sttgar was 4e®trofe4 by earaiaeligatioii# Fro® the 
4ata of fable I it - is erideat ttat phosphorl© aei4 is. aot suit­
able for aeid saeeharifieation, ewu though yields of ethsaol 
are efaal to those obtalaet fro« »alt, beoamse of the high 
eoaeentrmtioa ot aeid .aeeess-arj for t.te eoaTerslon. 
Sulfiirio aeia., protesea. the muximm yield of ethanol, 
?f*0 per seat theoretioal, at a coneeatratioa of 0*30 ao^rraal* 
Ihe hytrolysates .at thi.® aeit -eonoentration were light yellow# 
As the aei4 aoaoeatratioa inorea.sed aboi^ e this faltie the ©ashes 
beo.a-iie darker, aa4 the alo-ohol yields deereaset accordingly 
as more of the s«ig«r was destroyed hj earaaeliaatioa-. Either 
0»20 or •SO.nonaal smlfmrl® ©eid, mder the eondi.tioiis of this 
s^^periffieat, prodmoed nearly Z per eent ^!^ater ethanol yields 
than did ®alt# 
j%'troeKl®yte *©14 « m i^ffiaa ©tJaaaoi 3ri«14 ot 
S®*t i®y e«st tli#©iNiti0@l • a% a &t qlther 0*10 
©3? *-g0 mmiml* w« ^ P®^ greater 3rl«14 
ttoa itas oitiiia®4 fer "te&« aslt*: «mt tfe«i%f©r@ sold 
was ^©ms4to»4 te to® ©f ftirtteer 
At M#!®* a®14, #«0#mtriktt©as ©Marring l»©g®a to oeo-or, 
aii4 tfe# 4#®r®«»«&. i» p?ois©3?ti©B t© tim &mmm% 
©f ©toar^tag a®i4 ©oaosHtratioa 
tm ©ptiiaw «:S a fa@tor ©f tei^ ratore, time., 
tit® a®44 ms@4» aat, iGP#fesfe3.f ©f partl©ialar saffipl® ©f eors 
mtal as«i,* 
•m,*- itmtiijg QBt tli# j£ ttae «a4 i?r»«9iire; m atliaaQl 
i^ 0« til# resiilt® f!f«s©mta4 in fable I it wm& t'^ tt® 
©'riCftmt tliat tayftrseMerie a®i4 was «ff»©ti?a im tJie liy-trolysis 
©f tli® 8tai?«li pr@s»at la tiie aei4 con-
e#iitrstistts m«@®€sai^  for goo4 Js^drolysis war® rat&ar high* 
It was ttemgfet ttoit It ai:^t ba possible t© vm% sor© 4ilut0 
ssiAs if tke taaparattufa was iaeraasat bj iisi»g a higher steam 
praatmra* Wm tMs r#as©a t&a f©ll<^wing inTsstination was 
•as-tortatoai Six hwoMatmA .^a» '•&£ fiaejly oom ware 
iiitroiweat ist@ a 6»lit«r ruaiit feottoia flaafe wltfe 4^000 ail. 
of 0»0# ii©r»al liytr^eMarie aai4» ttae flasic was fltta4 with 
a glass tmb« l©a4img aaarl^  to tfea feotto®. fMs tate© was 
m tlat 4t .0'#Qld fe® atteelbe'd to aa^ttei' wM@li 
tfereniii eiiS' ^ f&« flask ms 
pl.6e®4 la i® astestisT© wM..«®li t«4 m sti3?i'«r attaefe@4 t© tJi® 114 
s# tJbat eoatrnta ©f t&i flasle ©ouM b# e©jistaatlx agltat©4* 
Si# tiib© pr®Je©ti»g tl» sift© tfe® 8mt©@.la^« was attaciied 
t© a Ii^ ibtg ®oiii,@as©f hf mmms, ef iiea^ rabfesr tubiag... WJiea 
tim €l.a»f #a th# totaf was 3?«J.ea»»A the pressw® ianitie th© 
aiitoalsire iroult f®roe tite sanpls ©at,. A tia.gfaffl of tMs ap-
pgf»atms wm gi-rem fey lifues?, Glii»istems«a,- aad Bilmex I19S6}. 
fli© st«»k was l^a%S.iiiz®4 by h®stiag with s 
plawA ta »fpara*tey8, 4es-es?ib#4 abev®. ®tii4 «t th® 
ftssli-et st@a« pr#saii5?#« At ©a®, hsm InteTmlm ab«mt ?00 al.. 
of assii iB%»© '§mmm. mtf m4. eoaled a«jwii te rmm. 
f©a wmm mqmlm€ to tew ©ff samples, so th© 
pwmmm wma stsrtet fiw- tl» &a4 ©f tM lao j^r 
as4 ,fi¥« ©i®at®a mttmm Aft®s? eoolimg, 200 al* 
mlitm®ts w%m. pltt#«i. ia 0O0-m1» Srl#iia#y@r .fls®to,. the pi 
a4|mst«fi. t# & wltfe sfiwli** ©arfe©sa.t«g ant. inesml^ tti. witii. JgO ml# 
of m&ttm- fmmt Wm mshmm w&m ®H:0we4 t® f#ir.®®iit 
fa fetfiOir® -tistilliag ©fjf tli® sleeliol# Attm' tk® rmn was 
«»plgt#, tliie »ali. ia thm Iss-g# JTIrsI: was allow«4 to 
eo©l» fli© *«lawi Tem&lning was ftas by isftowing the 
t©tal TOlia® at tfe© tb® mmom^% ©f ©oi-a «#•»! in ©aeli 
flasl was tewa^ aat tim #tl»a©l jislts oould fee 
©aleitlats4» fafel® It tlie i*ii»alta ©f %fe®s© #xp«ria0a.ts. 
-^ 38-* 
f ASM II 
MimQt of fim m€ Iresswi't SibmiQl Ji^Ms 
00m with 0*0B M* ^droeWL^ric Acid 
,tlB» in laca; 
*4 mr'-mm mm 
m- ; 10 lb:s» 
J 't&' iadieated pres'siares 
20 lbs* SO lbs* 
I 11.0 9,S 
B 18 &B*S S5.0 
S m*$ 74*8 
4 M.l $7*3 73 ,2 
5 41-*f 6S:.6 73 •S 
i 4S.*a 68 itwi-wmw* ii» 
iUXt 'Gmtml (It 0mt wt# f&*$ per seat et 
thmw9mml> 
fbmsmM-mX ji®.M M*$§^ ^ aas •tMrnel fyem 3Q gr&m oom* 
At ® sttaa ^m-SUTB ®f 3.0 p©'«a4is tto® etfeaaol yields 
fmit® :^mgsMriy wtth thm tim %t k#a%iiig* However, 
mm. at @a4 ©f 6 tews ®al,y s 48»S p#r 0«at yield of 
st&am©! was ©fctaiaet* f&thm stmiy at tMs p^essmr® was 
6t>aiid®a«d as It mmm&mlmlly m-m§, to us© lomgex' 
periods of h0&M.as for tM# eoaYei-sioa#' 
At 10 pem4^ st&m pmmsmi'm tii& yi®ld «f #tliaa®i 
i»0y«a#4 *it& tli« tis© ef &»atlag., attislaii^  a rmtm^ &t S8.-5 
f« ®®mt «t fi &»rs. Sli^ t ahmriH^mg wmm a.ppa3peat at this 
p«lali,., am€ m h&m^sp «f keatiiig did aot iafi'o've tl^  
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of snagara |>j*@seat fe©f©r® tht addition of ®old« 
brsB. would be relatiireij ®(mll» flia ©xperimtat was carried 
out is til© following mmt&Tt TMwty of o.ora meal 
w®rt. bmsa t© eaefe SO§*«dl» Irleaatyer fMsk coatainiag boo 
Hi* of 0#-Qi aorMsl a<sii..* fli® stareh was §0-
latlaize4 rf#r a lmra©r, Stt4 t&« flas'ks and eoat^mts auto-
elaT#cl f&r 4 ketirs at IE potmi.® st»sa pressiir©-. After eool-
iag,. tlie pS was adjusted la tli@ usaal msimei', the regiiired 
aaomat ©f isold-braa atd#d., aad SO ml* ot aatlv® j@ast eulture 
ad4«4 to easa flaak,* 4ft#r laeiibEtloa for tb howpb t:k« con-
tsuts w&m and asalyss«4 for aleohol. 
r#0alts mif® ta&mlated ia Tab l^# III. 
fjmm 111 
mtrnii m Itto©! fi«M ©f AS4it4©a of Melt-Bran 
t© 0«m w&&hm 
I^QP<>rtioa"1S '^'"' 'i'''"^^ s" '' la yielc, 
iBoia-braa »44®4, s ««»t i #«mt 
mr mn.t &t mm. s . . . i-
q SO«B 
g f9.5 163 
4 fl*S t03 
i fl..S 203 
10 fl*4 20® 
'fimmetiml fitlC 10-+41 p-ass al@©1feol# 
ta^ta t&at %im ylelts- ©f aa®li#ii 
pa,rtl.8llj» fe^r IW-lmt# aeids ar« ia0z>«as«4 
m. til# s:ii.lti©a '©f maiMiit ©f TO3.S,*lJ3?aji re-
fulrtA Is fuSt® 4 ptr mm% 0,rli&g m ©pttsia ^«ia., of 
fl*i p#j" fb® aMttiem ®f larger gmantltlts 
©f »©14»fe3?®m ilt ii#t ia«i^ ®s« tl^  al@#lj©l jielt-# 
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f IBM If 
m Sttaaa©! M€iti0m ©f mmnltm 
01s|,®rii» 'aat SM.»its t© O-ojm 
Ss@@l«rifl«4 fer tolt. 
IH40I f#" 
200 ml. ©f 
ira» 
' 1 ' i&oi m 1 
f 200 ai» of Misii, 1 
s .igrs«e :. 
f«e 0#at 
0 ?S«0 
® oa§ f8*b 
0 O-*S0 •?&•!& 
t#l§ § fl.f 
©••go 0 fl*0 
fb««®tl0ai fieM 11*& 
ftfei® If i.a4i@at®® tliat s«13. saoisits of sMim olilori&o 
to s©t iaflmta## tl« aat tk®r#f®r® ai'# not 
t«id.© t# fJie. aMttliia ©f smll j»®iia'ls ©f aaoionl.mffi 
afpBPtatl^ r -1^ aff«#"l aat Ftmlt in ali^tlj 
mlmhQl fit« -mi& raigitt ooataln 
e^tm Mfkej? @©ii©#mtirmt4oms #f salts -ttosia thoB® ms®4 above if 
M.,#i ©©aoeatratS,@os ©f *<ii4 &rt ms@4»> isfeioh la?® fcaowa t® b« 
'fsgp at Im prmmwpm* Fer this 
itmam tte f©l,i©iilaif s@yi«fs wm® ipma ®»©tly lil» t&# one la 
fateis I? gstwm ®r a<3l.i»ba?aa w«r« used for 
sa@®liai?ifi#ati®ii is pise# of aslt». at®s® lUata are 
ia tafele f• 
fmm ? 
Iftust m ItlfflU®! Yi«3..A @f tfe# &t Aaaoniw 
ms, Btttm qmm Sa@«:li6rifi®4 
-nn^Qi mM:w—r—mrassrw™?—wmyrmr: 
200 ']®1* atafr# I *l.#' ^©f i e^at 
^ms& s gPta# i 
••'q § 86*1 
•0 Q.a fi*£ 
t 3.#i fS.2 
0 2»© f?.? 
#• f8.§ 
0 §*& "T^.g 
0 80.1 
0»i 0 fi.g 
l..§ § 
!.*§ 0 fS.8 
0 
t»i- Q tm 
a,.:t f§.0 
a»i 
fmmrmttml ;fi#M ©tteaol* 
It i8 titat ttet aMltion ©f s©4it3Ei ©ifcLlorld# 
iit ttet sltej' fit yitiC obtedlaed mm wh.®® 
py#s«t im @6»t«iitr«tieas as M#i ss Ii*e p#r lit®!-# 
wm .€if ^mmmrntmst a 4i-oi&«& lot^d-rinc 
ta «tfesa<>i fi«1.4 approselJing € per ©tat whm present in 
@«ii@«BtraM©as iB- -mmmm ©f § ^mm pt-r l..it@2P« fMs ®xperiras®t 
ia4is«-t#s tiiat 3.#w«r fi#lts #f #tM»©l would, &•« ©fetssiaaat .tf 
«®St. wsife a®«t«li3g®t witb fwanalTim 
«a€ fw, tM.« mmsmm, s®iAw @,siflt©aati wms mse4 for H»utaral-
in ®1JI #mtes®f«©mt w^s^k# 
B« Strntl.®® m %lm BrnmbrnTitlmtim S'Oiis Stmmh 
til# Us# ®f Mtm«»3L A@i4s 
f&e wmk m mwm m®I was ©©• ©usisaragiag 
that it was i»eli«4 t© stttapt tl» l^ troljai® ®f p\i2!^- stajpeh 
•fey t&® mm'^  'Sia#!?®! asits* StsiKSii was eli©ssa tfci® 
-smistrat® t© mmtlmm %m.m lawstlgatioa f@r tw© CIJ 
it is m a©]?® mifens prateot tiiam «s©» a®sl,|> soad (2) it would 
fe# p©s»ibl« t6 ms® mrm ®ta»li iadmstriaiay siae® it w<>mid 
m®% wmy Mttl® m^e ptr pomd ©f ferraemtabX® s-agars pro-' 
dtie#4 tfeta eeim »al*, 
i* Sg®li»4:a«gy g,tmtS.#s es .aatgieat .g®attir#aeiits of aoid~fcyax6» 
Sia#® stmrtli d©#® a©t ©eataia «jffi©i®at nmtri®ats tor 
y@ast mm it is an tttampt was m0k» 
•I© •t£»©©f@^ |mst mM% t». ii«#@ssairy tQT ^©4 sleolt©! yield®# 
fafiefms ia.t#ylals w#i»# Immm t® li« «e#tss.arj f&r 
^mth w®r« t© tl» l^ tifelyaait®#.* ffe® mm 
pr@i>€]r®4 ia th® rnwmmi fMr'% grams &t Q&m stareh 
w®.r@ nixirt 'Wl.%h t0O- al* ©f ©.M m&mmX smlfijrie- aei4 ia ^500-
al* Srl^ mmymr flasles, «at. smt©©law4 at 3 ateiku pptssiir® of 
IS psiiai^  p»r tmh tm i l/l fhs wkterials in-
im feilbl,® tz w«r® tfe« a4i®i., tli® pm. a4Jm®t®4 to 
ita4 ©itsfc. flask i;a90mlat®4 with SO lil# ©f s®tiv® I'east omltur#* 
fh% 4a-ta ar® tabisl»t«4 ia fabl® ftm 
fi3LS ?I 
Additioa %t "V&imm lalsrimls fQT lutriaata 
&& Etfeanol Ti®lia 0%t®ia«4 frm Aoit-
Starali* 
gtOH •• 
Masli J at4@d t© ZOO Hi# ©f aas& j jield, 
10* s IH l^Qg • w&qma OallOgIg eara-glatta : per 
J ®«a3. ; 0@Gt 
1 •' 0*34. 3S.0 
2 0»S0 45.7 
s Q*m «•»-«» 41* <M* 31.S 
4 mk-m •w'Kln- o»ai <a«..l 
0 •M •S0 .08 .m 18.4 
6 .M •iO •08 *01 g*00 §6-3 
f gm.iw»iiK »» '•MR §•00 8? .3 
0«atr@l mmplm |O:#?0 y«tst 84.0 
fli@©r®ti@«3. jl@M ©f etJmn&l MmW ^mms f©y fO gi^ ms stareJi. 
•4S«" 
On th# feasl© of til# r«smlts of fabl« TI it was evident 
tiat 0©aa-flmti(a w»al sJLoa® s©t qmxf suppliet all the ueetssary 
amtritmts, l»mt a©t««ia^ gar# yitl4a tliaa aajr other 
.©©fflbiaatiem tfl^ t. Caltiw mitrat® appaif@atlj lia4 a 4«triffi©.iital 
tmtlMemm ©a y«ast gmwth* Sinn® eora-glutem »al is a bj-
protest @f tfe® stsr©h, iatastry and is available in any 4ssir«4 
^usattties ®t m ©xtreaelj low p:ri0t,, mo furttoei- investigation 
was talfa in this tiwetisa at tMs point* 
£• m ®ttaaa©l yi®M of tia® mt&itioa of vagious amoimta 
of 0:0ga--iflmtem to aoi4-layteoljs#4 starofa tmBhrn* 
Altlioia  ^ til® ssr®©#Mag wofk proved oora-glmtea meal to 
fe« a vtrj «ff©otiv@ amtriemt, t&® pgoblo® ©till reaainod to 
aso@rtaia tlx® asonat of ooipa-glmttn aeal aooessary to obtain 
aaxlM® ,ri#14g fmm tli# m%m&h ^ iyoljsatts# Mortover, it 
wm d»8trabl@ t© toow if ®»y appireoiable differeaaoe would 
^smlt if tto# glat«a wm a440t fetfo» or after amtoolaviiig tiie 
aaslita# Mmnhm w«r@ fr»par®4 by m&Mm 1® «r«as of starch to 
100- ffll* of 0«1B aoraal liydi*o®M.orio sold ia SOO-ail* Erlensiejer 
flasto# to OB® Mlf' of the mBhm tim ret i^red saoimt of 
glmtea s®al was aMsd. at this point, fli® mmnhm wore tfee» 
gelatimisodj autoelsved for 4 hours st IS poimds ©tea® pre-sstiro 
aad eool®4.. fl© ret^^®4 anomt of glrntea aeal was tJien added 
to those joot ItBViijg liad it added before autoolaviag. fhe pH 
of ©aoli mmah was adjusted to and tlwj were iaooislated with 
20 iBl* of aotive yeast enltwe- fh.® data from tMs experiment 
-4f-
ar® im HI* 
fJJlI ?II 
Mtfmt  on  StJiasol Y1«M ^ %h% Atditloa of farlous 
iM&w&ts ©f ^oirii t0 A@14-»Hyd3!*ol2fzed 
Starek 
' • laiei to ' • i i© t Stoi 3^ ©14, 
200 ®i. ©f nas^b I 200 «!• ©f aasli J per esat 
b#£®r« amto^olaviag* s aft#r i 
gifsmg I i 
0 0 gg.4 
1 0 74.1 
g 0 89.3 
H 0 90.© 
0 1 8S.? 
0 g 90*5 
0 3 90.§ 
f^^orttloaj. yl®M f.lO grams @tl®3a©l. 
-so-
Thm mmXts trum VII Indieat® that 2 ^ams of 
glmt®a mml proi?l4®i. s^floi«»t amtrl^ iit® if tt was added 
mft«r autooiafiag %ue staro-M. bttwooK 2 ®ad 3 graais of 
gluten B#al w^m aoetssary if it was added before ©mtoolaving* 
fli® flasl fi«M of ©tbasaol was tlit sssje la oitlier ease, in-
4»p#iid®iit of wlitth.©!* ©r not tfe^ glutoa moal was amtoelaved, 
if aTiffi@i®»t glmt#a mml. was 
It was t-Moiaglit tto.at th® amotmt of gltiten mm&x aeoessary 
Hi gilt be d«i0tti.#at on tie total ooaoeatratioa of fens^'Htabl© 
sugars p?©s®iit« la oritor to t@st tliis faot tlbe following 
exporiaoat was m»4@rtak«Bi fMrty-tw© ^ms of staro-li were 
woigMd imto §00»»1* flaslss ooateiaiag 200 ml» of 
0.10 aorwi gulfario aoi.d* fo ©a@ sarits tlxe glnt^n m@al was 
added »t tMs polat b«f©.r# th.® etaroli wm ^ latiniised. fo the 
otijer th® .glmtea meal mm ad4#4 aft#r atttoslaving* After being 
.gelatiaised., botli series m®r® at the earn® tiiae for 
4 koOTS at go fOCTtd® mtmm pressmr®» fJiis womld eliiaiiiate laay 
dlfferemees wbish »iglit result if tlm steam pressure varied 
sli^^tly on two dlffsreat r*sas« After adjusting th# pH to §# 
the flasks were iaoomlated with EO ml* -of aotive yeeat, allowed 
to feraeat fO homra, and then distilled# the ethanol was 
deteraiaed is the usmsl »@aaer« fhese data are eolleeted in 
fable fill. 
f£sm fill 
Mtmt m Itima©! Ti«lt at %im AMi%i©a ©f fariona 
Am^mts of Oom-tiiitoB to 0@»©«atra.t®4 Btmmh 
mmhmm %4r«i|rs©d by A0lt'. 
Slatta "'t® 'aXmisa i© i' ' • 
200 ml* ©,f ®«sli I EOO »1# ©f aasli j. StCM yi©14,. 
^«:f®re smt©®i.a'rliig.» :• afttr amto®la^»g» : p«e cent 
gga-as t &mb t 
i q 61#g 
i 0 
0 ir9.4 
4 0 80,7 
S 0 90.3 
§ 0 8i»e 
0 1 71 •g 
0 s 31.0 
§• 2 81»0 
0 4 Sl.O 
0 i 81.5 
0 § 81 *0 
yi«14 1§*S4 #tiiattoJL« 
fb® faet tfeat tJie ai,«lltion of .gluten meal before or 
aft.#r the aasb©s makes llttla 4iff@r®ae® la the 
fiaal «tliiiia©i yielt waa 4®fimt@ly eoafirTOt In fable ?III* 
tli§ -of tfe® m&ah m®&. Iia4 no effect on 
tli@ aadmit of glmt»a m&X n®&&ammTj sine© B graais of gluten 
ratal proTtd t© b© s^fioient mm mimn tJi® aasJi concentration 
.was doublet o*r«r tliat in ftfel© fll* fh© slight diffsronoos 
in jield of ©thanol obtained from sashes la which •&© gluten 
m&l was not a«.t©olsT#4 m®T th©®« in wMoh the gluten a»al 
was eia.to©ls.v©4 w@m net signifleant, and w®rs offset by the 
©or® r«?i4 rat® of fermontatloa of the latter* fh« aboire faots 
exolm«l«4 the possHjllity that th© low yields from aoid-hydro-
lymed sgriiiBS reported fey StTersoa (lf3?) wer© dm® to toxio 
desooposltioa proiaots fro® tte glntea present in the grain# 
£* M yitia of ^ addition of ammonitm 
ohleridg to aol&^hyirolyzed staroh maghes*. 
Iwaonlmi ahlorid® emsed a deeided decrease in ethanol 
yield when added to oorit oa,sh@8* fhm®, it wae desirable to 
steady th® effeet of the addition of this salt to ©oid-hydro-
lyMd starch mshm* fh® following experiment was carried out 
to test %Ms point: Fifteen ^ams of stareh mr®. weighed into 
SOO-»al- Erlenaeyer flasJtes oontaiaing BOO ©1* of 0«15 normal 
hydroshlorio aoid# fhe aashes were antoolsved for 4 hoiars at 
12 poimds stesa pressiar@» fh® pS vias then adjusted with sodium 
-fig* 
eai^isonatt after tk® aMltiea of B*& grams oora-glutea meal and 
tb@: rsquirM momt ef ©Msainffi eliloriae# fii® aaeJies were 
mi. thm ttt@r«iae4 ia tfa# mtml saimsr 
after 7B horns ia©ia&®tl©ii* fbm® data mm eelieoted is fable 
IX* 
fABIS IX 
Sff«©t ©a Mtkaml tieM ©f At.4itlon of Amanirm 
Cfelorl4e t© A0i4-Hjtrol|-8et 
Stareb Masii®®.« 
ailea to -goo »1. ' ^ ItOK ^iel4, 
of msh, pep etat 
Mrmm 
0 8d»B 
1.0 8g*i 
1*5 83.S 
s.i 7?.a 
3.0 Tf.4 
4.0 f7»4 
yi#M f»10 grans etlisaaol. 
M 
» 
St i I-" 
1 
« H-
-Milk % 1 
£S 
-CT 
IK % w P 
t  
» 
m 
1 8 
IS 
1 a» 
t i 
1 1 
tx 
*1 © 
n  |M  ^ o er ii-J m «u a 
» 1% 1 «i i w p. 
© 
1 
» 
«• 
H Pf 
m 1 
f 
V*
9 
mJtf 
«•• (A 
m in CT M» B? © i t •• • £9 
o 
ss & 
n i  
11 
4  ^  
§ 
I* 
p. 
i 0 
# 
1  
I  
&  
ct-
IS* 
# 
<er 
® 
s 
I  
m 
o 
H 
CO 
«*• » § {S-
I 
1 
(.ri. 
0 
» 
© H 
1  
s  
s H* 
g  
» 
s 
« 
Q 
I  CO 
a t* 
£  1  
I f 
 ^©• 
g  I  
'# 
s  
» 
. e  
18 
E 
o 
el* 
i 
r  
iiAi 
» 
I 
1 1  
»• 
© 
r  
#  
1  Pir 
H. 
s  
I 
*3 
f 
i 
«• 
r © 
n 
^ 1  
m ^ 
& 
n 
o 
% 
u 
o § 
t 
ef 
e¥ 
r  
I  
i 
Hs 
i  
m 
» 
H 
«*• 
s 
i  
H' 
n m 
m 
•df 
w 
f  
»* 
s  i  
^  g -
n  
ef P 
I  s  
^ 5 
tf 
i I 
«•  ^
g I 
C*. 
I  i  
I  a  
o «•• 
g  f  
^ m 
m m 
e* JES 
g I 
&• 
i 
P» 
§ 
o 
§ 
© 
H 
li 
cf 
i 
sr 
s  
I  i 
1  pi 
i 
m 
m 
IM 
§ » I 
I  i  I  
m 
0-
0 
Se 
0 
o h 
g 
3  
O 
c 
I 
ff g. £ 
0 & J3 
1 «• p. 
0 
© sr 
sx |1 
i I h 
0 
1  I 
s  
fff-
?  3  
@ 
«*• 
1 
I 
-• 
I  
» 
S  
3  
S 
g  
g 
I  
% 
% 
m 
f
«•> 
e 
i 
ts* 
I  «  1 ®  
I.. Q » 
s  »  i ^ 
»• H 
s  
f I 
I I  
H 
! '• 
i  
«• @ 
BP 
N 
I* 
I 
I 
Pb 
«•• 
r (rt^ 
I 
**> 
£$ 
% 0 
t  
-sa­
lt was for til® abO¥e r#asoas that the following ©xperiiseat 
was mi.®rtalt®a stu^ylngf th@ effect of aaaoaiiiffi sxilfate on the 
eth@MOl yisltas fhlrty-two graas of stareh w®rs weighed into 
500-isl. Srleniaeyer flssS» soatainiag BOO ml* of sulfario aoid 
of Tariout 0on©®atr®tioES. fhe aashes were antoelaTOd at 20 
pounds stesffi pressure for 4 homra» fhea after the addition 
of graas of oora-gluten «eal to each, the pH of one series 
was adjusted with oonoentrated aMonium hydroxide, and the 
other with sodina sarbonate# Mter inoubatiag for 96 ho-iirs 
the aashea were diatilled, and the aloohol determined in the 
iiamal waf». these data are tsbiilated in fa hie 1. 
fmm X 
Mttmt oa Itfenii©! YltM of tlie of Sodiu® Oarboaat® 
ami. HaTOaltm Syte©3dL4© fof lemtrallzstloa of 
btmroh MasJbss* 
t I«mifaliE«4 wl'th 
stilfiiri© ••: Ia«00a.» : IH.OH, 
8014, 2 l%oi : ltO#2rl«14, 
normalltj t pey eemt ; •p^v etnt 
0*02 44*3 36.2 
.OS 85.4 46.2 
.10 85.E §§.3 
.23 f8.§ S3.3 
ftoereMeal jisli. IS.M ^aae athamol* 
fii® 4»t® of fabl© X tllustrat® r&Tj ®ff@@tlT«ly th© 
A@%rlffl@ntal iaflmem©® of th» m® of aiwaoniura lijfdroxide for 
aA^astiiig th® pH of ©old liy4roiygi@4 maslies. When araBonlxu® 
Iiy4r©xl4® was -ased Insteat of ©odl^  oarboaate for adjusting 
til© pH of tk» %4r0ljwt% obtaia®4 by MSliag 0.0§ normal 
sulfurio ®oi4 on staroli mssbes# th.® teereas© Bth&nol ;fi©ld 
was nearly 4S per o®at. fhes® ®x%reia#ly low yields were 
questioned at first oa tlie basis of results reported in Table 
IX# lowtftr, siailar Talmos were obtained on repeating this 
experiment. Hie yields obtained on differeat days by the use 
of awoKAm® liyiro3£td® were of the saae aagnltade but could 
not b® considered good oheoks even thou i^ good ehecks were 
.gf-
©btsiasd 011 %h.@ 8®ri«@ uslag suti^ ©arbonate run at the saaie 
tip©. It was fOianA ae®14®iitly tliat th® pH of th© mashes 
aeiitralized with attaoaina hyteoxia® cshanget on standing. It 
»ight b@ possibl® that th@s® Eiashes beeaae too aold after a 
4ay ©r two for good yeast growth* Siao® this effect would 
b® eliaiaated by the mse of sodirnm ear boa® te, ftjrther in-
vestigatloja of this phemoaeaoa was oKltted beeause of laek 
©f siif fie lent tia®#. 
§,* om the .ethamol yieM of the goaioentratioa of the 
aeid "ttsed to hydrolys® ataroh. iM^hes*. 
the aeid eoaoentratioa ©aplo^d for hydrolysis was fouad 
to haire t ie@ii»d iaflmease on the ethaaol yields obtained from 
oora aeal- It was sas|j®@t®d that ti® same ftotor would play 
aa ifflportamt f«rt ia th® hydrolysis of stareh* fo test this 
poiat the following experimeat was undertaken: Fifteen graras 
of staroh were weighed into 500-ffil* Irleameyer flaaJcs ooa-
talniag EOO ®1» of th# l^drochlorie aeid of the ooaeentrstions 
giirea in fable H.. fh® mashes were autoolaved at a steam 
pressure of ib pomds for 4 hoiirs., 3 grams of oorn-glutea 
meal added^ and the ^ adjusted with soditaa earbonate# fhen 
they were ferroented, and th® alcohol deteimiaed in the usual 
fhese data are colleoted ia fable XI* 
-ss-
tmm. XI 
-ms, Itteioi .©f tto«. QQumutTrntlon of 
t&@ A©i4 irs©t to 
«a«h®a. 
iBEEToTwr™ —~~wmyms; 
mmmllw yey Q®at 
0«0§ 83•§ 
0*2t0 83 *§ 
©•45 SS.g 
Q,g^ 80»9 
0.30 ?6.4 
©•40 ?3.*3 
0.50 ?2»S 
yl«14 f»10 graas ^tiisaol* 
11 it is tfparsat tliat aeld C'«aeQatrations 
aliw® 0*20 Boi-fflal mm m&% 4®si^«bl® as tb# 4#0rea@d& 
wj.^ Ia®r®aslmf aeli. 6#ii8«iitratioa» ftaat tMs was a.u@ to tli® 
®ga?,aia«liwti.©it ©f tto© sis^ar was #fi.4©nt ©In#® %lm mm&imB be-
mm tiis»:«»tagljr 4®irk. as tfe# a#i4 e®a©«atraEtlo» iaereased. 
fli® asxisaa • ji#M ©# 8».S p@r #@nt at aeli. o-onoeatration of 
#ltli0r O#0S <m )»10 Buimai was very mm&wpmsing as it was 
tt'sai to tMat 0l5ta.tii®4 by iaii.#yS:#fl.@ap., sm4 Mekaloo 
with s©ae. ©f their best »el4 preparatlsa» 
JKfeet ©f tlae ®f ©a th® aromt qt reamotiiK 
«Mi». (tiriwftmui,miiii|)|itiinii>iw, iniiniiwii •wMimjiJinjiiii u iwiftiwiiati- >iiniia»nmi»w MMMM* miHiMiiiiHp«HMMMN«i«aMb 
samara pr-€ite.e©€» aat ethaael jitMs m subsegmeat 
f#»®atati0a of tiieat tey^&golygatos* 
BmmBm .r@p©i't®4 th&t %lm tmzimm al0®hol 
5^.i«Xds mm aet ol3%ala®4 fi?®« asid- .1^4r©l^aates of a@reala 
wM.«ii sii0w#i. til® mxlmm mmw&t of reteoiag scogars.- It was 
tli©ttg&t 4®®ira&l® t© t#8t tMs faet with. regaM to aeit 
ftl'droljaat®® .fx-ea 'mtsroh*. It warn als® ae<3@ssai»y to fiafi. tim 
©ptlaRjift tlM#. ef ©lysis# f# 4«t®rffl4.ii® this inforfflBtioa 
tlie .following #xpei?i{B#at was s«t mpj ftose hmutosd ^ams of 
stfflreli wtfs a44@4 to ® •S*lit®r fount bottoa flasle ooataliiiag 
4.»..Qi3© »!• of 0.*1.O nmmmX toydroekloyio .ael4. fhia natei'ial was 
g«latlaS.a@4 aat pla#»4 la the antoelav® 4®scrlbe4 
fjroa wMlsli mmplmm ©omit be taken at tli« tlm®. The 
stssB presstn?® was mm. mp t© 20 poisxats., aaft fOO mX» sasipleB 
w«rs t.aS:®n. oJit at 1 tour iiiterrals» -After eoollag to room 
teaper'stmr® tlir©® 200 «!• aliquots w@.i?@ fsr®eat@& in the usual 
laamer aft«r th® a44l.t.i0a of graas of 0oni-glut«n aeal, 
snt a BU$m aa.alysl® mm-mm m th« i?@,Biaialag ^t@ri.al ao-
oordliig to th# »oilfi@4 i^tiiod of Shaffer aii4 Sosogyi described 
by Quymon iXW9\* fhe tii«oretleal aaount of etimnoX was 
©al@uJ.att4 m tfe® bssls of s.ll tM m&ming sugar being 
4«xtros0« Fr.os tMs valu© and Hj® astmal saouat of ©tha.nol 
obt&iued bj fer»iitmti.oiit the p&r o©at eonTeraloa of r@4ueiiig 
su-gars present to aioohol, aa4 tlm per e@ii.t conversion of 
'60» 
stsr©ii tm TOgar 0.eml4 fe# fto^-s© results ®r® 
tafemla-tst, iii fabl® Ml* 
wm XII 
©f fl«© ©f ©a tb© Aa©imt of Re4ttclng 
Bng^T® laaA ItteaoX Ofetala@4 
Oa Smbsegtiea* Peiwmtation of 
flits® %to©lfmat©s* 
TOf"' 0©aT#rsioa Convfiipslen 
fi»t. jpr©ftti®«4 jleM ItOH of of sta^h 
hottri w fa?©® to siagar. 
femeat* ItOl,. to p#r e#at 
atioa. per ©#»t It 01, 
.ffrass i5r@ms per 0eat 
1. §»4S^ fi.4 ff.0 99.4 
a 5-iS n*i f.0i 80«3 99.4 
i.84 m*n i.tf 83.8 98^8 
4 S'«€9 aoa 6»8f SB *3 96,7 
§ §»4§ fe*© i.i? ?0«4 96«7 
Thmmtiml ©f #thaa0l 14*10 mmm*-
fwm tattK#stlag ©bs^rratlo'ns wmm In-dioated in tMa 
w^wM.* ffe# first was that al,.tlio-^h, tli® ffiaxtM® eoBO^atrattoa 
©f ftiael'ng ft»4 p®if o#at# was prMnceA «ft»r aatu-
8|.«iriiig 1 botir, th® a«iimsi. jielH of ®tliia©l was ob» 
fii© Ig'ii'ftlysa-t# wMeM beta amt®©lar®4 for 2 
komrs* fMs #%»#rirstlos ©omfii-wi th® fiBdiags ©f S»v©rs©-B 
fli« weona #i>s«3firmM-o» was %Mt tli® period 
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treated at .® steam pressure of g§ pounds for 4 hours with 0»05 
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©t A©ii. to f®m4s St©^ 
BPtssaa?® for 4 Hwui's* 
•" • ^ 'doH®. ' stOH' 
normtlltiy gtr mm.% 
0'»02 <w' 
3i ©©ra mskl. •-OS 18 
••10 m*& 
»os 83:*S 
@2. .grass @©» ©tartb. 
•+ i grM9- bt^ *•©0 b3*b 
6t4®4 aftw 
#10 88.3 
•og lt*2 
gg grtiw »%«©& "f B 
irmas 0#» -ftttet •OS 81 *i 
^&«f©r« mtmm'v'lmg 
84.? • 10 
ji«M ®f «tJ^@a©l 1S#M 0»a.aiB* 
©f fr®® meal I3»0g ^aias.» 
%lm ab©ir# 4mta it is gmite ©bvious that stareli 
mm witli glu%mm h^'&jtQlym aor® 3?ea4il7 than 
4o .©.©ra mmmimm w&§mt i-Atiitis«l o©»4itt#as» A aotieeabla de-
&tmm i» «tMa©l yl«14 wmm obserrtd w1i©b tJie com braa was 
a44#-i. %& m^mmh mmmhmm b^tm% fhe «xtreiBe.ly low 
,yi#X4 ©l3'tmi:m@4 «it& O^OS s-olfuri® s0l4 whm mum braa 
WHS pr®«at €mA.mg mitmlM'wlns, was tn all probability to 
tilt fa©t titst &&m of tlie aei4 was als»©rb®4 la tii@ oora bran 
asd t&as wmwmwmA tmm ^  r^attioa adxt i^r#* At 
hX0im a#id 0oa©«atrstio»s tM 4#©r©«s® In jtsld ob-
s«rf«€ wimm oora bria, was ^mmmt 8Mtoel®vi.i3^ was to®-
llwt4 t© b# 4mt t# tto ffotuettoa of mm matsrial toacie to 
I'tmst* fMs tU0QWf w&m a4ir®ii#®4 besams# tk« yielt observet 
with 0»10' a©w«l whm. tte braa. was aMe4 b«f©r« smto-
el..«"rl»g» wss 3#S fty 0®at loirsr tli&ii tlia.t ©btaimed whm the 
bM» was a44«t aft«rwef€®,. wfc,ll® witite 0*0S normal tli® ji©lt 
was omif t*0 f®r ©smt low®r« If tl»© &©0re«s®4 yi@l4s ir«r« 
4me to abserptioa ©f it wcmM b@ exp«ot®4 to b® ^®ater 
wltto. 0*0S a©»®l ®«li. t&fiaa with Q*-1Q normal aot4„. alnee the 
mm brsa eotilA oal^  absorb a tefiait® aaoimt of aold* 
S®0.aa®e smeii a mmll mmmmt of mm teran ©ams®4 aotle®-
abl© 4e©r«®®®s tm tto® etJasol yi©14. wii@n it wss iiydroljzed 
wltk S:tajf@li,, « fmrtii®:r i»v@8tigatioa wm thevk^t desirable 
t#stlag tii.® iiifte®as® of tto mmm%t&%ion of eora bran m 
tk@ •ffesmol yitli.® obt«ia#t from aoit-ssooliarified stareh* 
fw© s©ri®s of gtarok mmMm wmr® flsad® up mnd rmn ia the sam® 
as im @jD0@pt varjii^  arBOimt® 
®f mm te3f«a ««» a4i#4» f^-s« i?@sml,t8 ©.©llee-t^d in fable 
.IHV* 
fJJS in? 
Mtmt «•» I%^a#l field ^ ©f Com 
lrii«. Wkm &MmA Betom aa4 Aft«r A.mt«@lairiHtf Staapeh 
^sk«s witH 0*05 I#iwl Smlfwie Mi4 at ao 
Br@s««r® tm 4 Hem's* 
wsm siorfieHT 
fesf®!-® after p«3? ©eat 
§ S 84.f 
0 4 84.7 
0 i 84.9 
0^ 8 @S..2 
t - 0 82»E 
4 0 fS.g 
s 0 m*z 
5 0 Sf.O 
SS g# #©#a. ®@al ma4@i' i4@iitl©&l e'onditioas 
lt»0 
36 ©o3P» »al liy&r#ly«#4 witi 0»ia 1» IgSO^ 69 •© 
'tto!t0i?®tt0al staroh l&mm 
f h m m h m x  yi#l€ #ttoaa©l froa mim ®®ai M»OB ^aas* 
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flb& ele&rly intieated 
tM- atal wm m% as 0ii00easfml ®s tlie 
s@ia.'^ i^ t3r©Jj'Sl« #f starsfti* fit# #»#t p«»©«atage of .e©m, braia 
ia @#m a®®l «il#s witfe %1k« .@®fa iw®t» bmt tto§ largest asottat 
of bjf®a m»4 Im tMa was sot ©t^al to tlsat 
ppe'seat im ®©m mml m emomt of staipe l^i egmii8®l®3a,t 
t© tlitt «s©-t la this a thm^ngh iafestlgation of 
tMs pr©ijl#» will imimiittlly sliow tMt mm. m&l aM stareii 
%h$ mmm wmmkt of mm. brsa iier g]raM of starefe e-s 
is •prmBmt la t&@ @oi®. will fitld aeaF,lj ia®atle«l affioimts 
of ttliasol' fftf of sta«!fe. prts^at whea ]^tpolys@t im&er 
liaatteml .domtittoas.-.. %m^ of tim# 444 a©t peirait 
fcyptfe# '^ la tMs aii*«eti©a. 
It is b®li@ir@A. tfedt tli#a# low Ij® ta® im the 
fmmttiQm of toxJo iwt« l^als fi»o« tk® hi^ olfsi® of tli#. oora 
l33?aa-* fM® ^gk% mplmlm wliy Ktlsm (If40} wa® maable to fer­
ment 8M##s«fiiia^ t&# obtatsed firom oom braa 
e*#.E thxty -©omtaiaeA ooBsi'&safiabl# sTOmats ©f reiaelsag 
3* m tM« Bm&Mrifimtim of Stareb by 
mm Wm of M#14»^aa.*-
Sias# fsv#- better jielta. of etii&nol 
ttm stmrmb. tbmm it 1^4 mml., a &mp&riBm of the 
ettiaaol jiel4s f^o® so2.4»s®«Ji,m3?lfie®tloa of the tw© subatrates 
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t«fflp9ratar«a., tn elX 9:sp«rlsteats esrrlea out la tfels 1b-
iresMgstida wt i^^ ping tm &t m#14 for sae&hisrifieatioB* 
tbt s©M w®s imt© tM® witfe th® ymst .aa4 in-
©mtoatt-ft at Q* -fto' *sfe®-.8 w«® tfew Imeemla-lad with BQ 
©f aotiir© y#ast amStmir#* 'Mt©^ f@3?«»attng f©r fS hotirs 
3al©®l*#i was 4e%«:mi,n®a ia tli# msaal maimer• ffe«s« data 
«« 6oll»st®4 la fm%lm XX?. 
flSLI Mf 
Iff&Qt m ItMaol Ttelt ©f %k@ Mtltioa of farioms 
Aaomts ®f M©1.4-lraa t© Ju@t4-%i3r-©lya.®4 St®reli« 
^r@*Sls$lHr Aae^t "of' as l^Qiyiio ' ItOH 
®t4@i. agent p®i» ©eat wt« p«ip eent 
#f wisJi 
am-0 0 89*4 
2 94 »0 
m 4 S6»0 
w S 96#0 
ff 10 9f.3 
n SO 96. t 
Mlt 10 89.4 
fh-®©i»®ti@tl yl®M f*2f grmmB mtlmn&l* 
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i&km tftt® ia fsbl# SX?., it Is ®ppsr«iit 
tiiat. a4tt.tl.cia to a@14-lsy«jroljas4 et-aroh oauees 
a #easi4@ya.bl.® iaertas# la tlm Btimml jl^M obtained b;^ 
tmmioAutlm af mmhm* fMe ofrservatien was in ooapiet# 
a#]r«'«:as®at witU tti® wmxkltm ©n mom meal by Sah^ sne., 
saA ¥a4 i^*lofi«r ClMO|* foijr per mnt mol4-br©i3a ap­
peared to b@ as tli« -©tfeitaoi ji©M was 96 p@r ©snt 
tk«©r®ti»l* fi» B21gh% imrmm ^bserrea with 10 p®p cent 
«©l€»teaa oir«r 13j®t ofetaineA with 4 p#2» Q@at was not slgaif-
leaat, aM it mnl& m% 'o# ©©oaoaiieall^ ®©m& ti& raoie tlmn 
40alfel« the «a©tmt .of sit©e..te.rt3 i^»g &g%nt us#d %& obtain this 
small iwres-se ia .al0#h©l ji«14* It is -alao appar@at>. from 
th« 4at«.,. that th® a44ittoa »alt to teid-hytool^ KUd starah 
w«s m wms%9: ©f as th# yiel4 *as n&t iBore.ased. fhis 
mgaia mgpmM with th# pjpe i^oms w©rk Qt FoliBei* aa4 
Ilti4to*&©fl«r C If401 ci» th# s«<i#ha.rifi©«tion of eorn meal# 5Ph«y 
r#po.rt«4 »o i»r«as#€ ethawel yielt oa ti^  .additloii of melt 
t# &»14-l^ trolys#4 e©«« Itwwtr* a e«pfiriso» of th® data 
tatolf IX? with th® 4ata of fsM,® IIX iatieat^.s that if aeit 
i§ to- b® i4S®t foy the l3^f43rol|r.als of stsrsh, it wo i^ld not b® 
taoaositallj s«mt to m@® it im eoajtmetioa with aoM-bran. 
Frwloa® v&Tt la thii® i-awstigation intieatei. that 
@©a#«atr«t®4 mtmmh mmMm faile4 to gim- ®tba»ol ji«lds eoa-
P«rsl>l0 with thos» ©l>taitt©4 hj th© use of aore 41 lute mashes# 
la ia&isti^  It is i.«stirab.l© to -ase the hi.ghast possible mash 
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m Stliaaol Ti«M of tiie Ataitlon of faiPioms Aiaomts 
mt He Id-Bran fo Slaroh ffiisbts Partially 
Hy4roly2#4 by ©•©§ S®»aal Sulfuric A©i4« 
&4te4 
L msi&mm 4i ai^ tei^ ti© 
a ^ a t  ^ r  © e a t  w t m  
©f raiiJi 
ItOM ^eld, 
per eeat 
aoae 0 T8,f 
molt-bran a 8f.2 
If 4 8? .8 
•« 
e 88*5 
» 10 8@«5 
« ib S8*4 
«lt 10 78 #2 
f&®oretl©al yinM 1S«J4' 
flt§ r«smlts %m fabl® 3XfI tiie fiadiass ©f the 
wmlmm mwt »lic^ Mr® 4ilmt® ®asli@.s» fli®s« re#mlte are: 
(Ij til# s44tti@ii Mlt t© g©i4-^4r©l^ 2#4 st®re.h does not 
tli® @tMa#l jieltai tE) th9 mMltim ai©14-t>raa -to 
a@14-lQfir®lyae4 ®t«r@h restilts ia @©asit®rabl© l^ orease la 
th®' «tfcwa@l f-ielts o%tal»4| aii4 (3 J tli# atfiltl^ a ©f 4 per 
©eat iiol4»lir«m is s^ffleieat t® ©Sbtsia yields from ael4-
hyir l^y'Ret starolt* ffe® aajl»iO' irlelts ebtalaeA were 88.5 per 
©est of tli®@retl.®al» these' are a little better than tJie best 
-8f 
obtained aalA-li^ droljsia aloa© wltli 16 p«r ceat stareh 
mkBh* • %& f®fel© Mtit it was o&s®rT«4 that 86»2 per 
e«iit etlaiii©! yi#M was ©•btmSaM hf tr©atiag a 16 per -e-eat 
msh 4 h©isrs st SO poaads at#aa pressstae#* 
gg #tlmii0l of Taryia^ tl]^ coii®»ntrsMoR of 
m«4 fog ®aie@teyAfiO-atl#it» 
f@r «0ea©^o r#as@aB if aold-brsa is to be used 
@@iw#'r@i.a.lly f®f sa@e&mri,fl.©mtioa», it is alTOst ®ss©ntial that 
it b® ms#i. al®a@ m& a®t la ©oaawtioa with aoid jb^di?©lysls* 
fb« ffiost lofi^ml atta-01: on this problta was to first ds* 
t®r®4a© th®' aasfrnt ©? »©ld<»bi«n a#e®ssari' t© obtaia maxiamm 
^i@lds fmm Btmmb Bits pr@fel®« was ia'restigated is 
th# f0ll#wiag »aaa®ri airty- '^feiNa of starGh w#re weighed 
iat© 5Q(h-aQ,* Srl®m®jr®r flaslts' ©©ataintag BOO ml* of distilled 
wa%0j!'« fli@a 0#1S gram ®©id*%]paa was added to ©aohf aad tiwr 
mmh was litattd mf t# abomt Si® 0» fhfs prooaas is eallad 
"prasaltiag®. it was m»#d t# litmtfj %hm starch aad thas . 
pravaat th» luapi.ag whi©h would o^#rwis® ©eetsr whil© auto-
©la^iag tM ai8sh#a* fii# mlt oontrol was traatad la a similar 
«i»i#r «»att tiaat aalt was smbstitrntad fir aeld-braa* fhe 
ws&as war# thaa aato^lavad at SO pomds ataa® presa^ira for 
1 howt ©oolad, tha ^ adjmatad, aad th© tadioitad amouats of 
aoM-braa aad »alt attad* fhay war® aaeehariflad ia the same 
M»a«r a# i»sarl&«4 la tli« praeadiag axpariaaata., iaoemlatad., 
aad sftar-feriBaatla# fm t§ hotira the aloohol'was datarnilaed 
-88' 
i» tto© tisuai mmk-mt* fbsse 4«,ta are ooll^ etM In fable ix7i1* 
f m m  m m x  
Mtm% m MWmmX Ti#M #f fmeflng tlis Coaeeatrstion ©f 
M#14»Sy« W#«4 fQW S»#©feai',ifl@atl©s ©f SteiHSli. 
per o®at »t. per Q#at 
ot et&reli 
z ?4.6 
4 SB *5 
i 86#? 
8 87*E 
1© 89#8 
IS 9g.2 
B© 91«i 
vmlt mntml iw ©tat »%•* stareli) fS«® 
fte®#r#tl@al ji«i4 1®»M #'tli'ajii>l'# 
f^ea @i>sv® iata it is appareat that goo4 etfeaaol 
yi@14s ©as i>® ©litaim®4 tof •osiag laolA-braii th® saooiiar-
ifi#-att©ii ®f a.%mmh mmhm* A aaada^a yi«ld ©f ts..2 per ©eat 
tli.@®,TOti;Sal was ©fttainat whm IS pe-r ®e,iit fiafild-bran was ueed. 
tMe ##m@®atrati©B *a# t©© Mgfe to to® msed indmstrially* How-
#T®r., 10 p@r @«»t »®ld-%raa priid'ased m fO p»r ©eat ©f 
th@0ir@ti@8l yltld# ais mm® aoM preparation was reported 
hf tai.«rl:ofi«r,» ©© i^ag -iaA BauXaloo (If<41) t© produce a 
mSiXiwmM ©f p%T mmt ©f thmmtiml from oom me&l* 
fMs fii4t.@mt®€ tli«t til® starefe wa®^ mom r@.a4ily attacked 
bj si^ las® tlisii warn tlit pi^ seat ia eoiia. telt wss 
apprnf^atlf qmit# tufsrler t©- ®©M*6^aa f®r s«©elta.2!lfieatioa 
©f stsro'li mn it omly f6*i ptr ef ttk«®i^ tl0al 
yl@M ®f #%ltaa©3.-» By ao;»|i«riiaf th# abe-vn tata with that pre-
s@mt®€ ia f-ablt ITOI, It i@ als# afpai'siit that ael4 fe^arolysis 
is superi^ T t® malt »»@#lja,rifi#at4©a» 
if feat m ttoe yielde Qt ethano3. 
.««•» <!iwwiiiim«>iiiiiiiwmnii>iiii iimiwiiiw «<.iwrtiiiiwiiiiwiwii aiwwMwwwiiiMMiniii^uiw^ iiwwiiMWMwwi mmioru imiiwmMi. iwwMinijifni •wnn* mmammmmmmmmmmm-
fees mtmr&h m&bhm sQ#@-baytfi@4 liith i«?M. awXaae* 
fh@ aa.sfe has &@®ja shorn to hsv® a pro-
fottsa ©a th® yi^ lts ©Jf #thaa©3. ol3taine4 by fomeBt-
lag' asi4*l^ t3f®lyat4 stawh a®sh#s. fMs «ff«0t should aaot 
show mp if a.i^ I:as# wm^ tis®4 fm ttiil«ss taa® 
ftleoh®! ©ii®t#at Im th® .0©ae«mti"»t®t. sashas bt-ea®© garsat 
t© fe# t@ j«ast'» fh# #xp#ipla®at was Tsuder-
tsk@a in. oy€@r t® t®8t tii® mhme »®atlonea. ass-aaption; fhs 
as^ahss mem pm^&@€ itai. aatlfsasi. is th« saa® isamer as those 
ia th# p3r«@@tiaf &m%im %mmpt th»-t '^ aiflous eoaeeatrations 
stansh wmm ^@4, nmd In mmtj ease the amoimt ©f mold-braja 
adtet wms 10 pe.f 9®at liy wtii^ t ®f the starfh um€* A sample 
©f 3Q3?a Html wa© «t ths stts® tla® to th® aottvity 
©f th® aslt pmp^mmm* lb© A®ta &m eoll@ot«4 in fable 
Sflll. 
wi a w f T X X 
Iff@#t ®f Mash GottO0Etrati©a 011 t&t Tielts of Itfaaaol 
0b:tala@4 froffl Stareh fesfess Sseetoi^lfiefi. with 
• Mold .m^l&m* 
'•" "'""lyM'©©afi.,.' • itOS'fiel4, 
^itag . mt emt i?»r mnt 
bq 10 8?.g 
m IS 86*8 
m If^S 88. § 
m m*q 84.8 
4© 84.8 
gs imm ft ,8 
fliterttt-sal fi#M 16 *#9 .grsiw #tlaiio3. fip©® SS gra-as stareh* 
fli#©retl©»l '18*10 gpfi»s ®tfeSB©l from S6 grams ooi-n^ 
f3m m'mltm ttm fuhl-m Mflll imtieat© ttoat the mash 
#©ae®atrati«ii te4 littl.# m the ftmoimt of etfaasel 
whBm. «sli.-teras was ase4* this was rather i.«portant 
els®# it wmlA mmn ^ wat ta4mstri®21j tim «®pa©lty of the 
fl«ot 0Qtti4 b« ia@r®s»4 without Qihrnging th© ^ize of the 
©tmijaeat* ^&h&hly th® most slgalfleattt obserratioa reeult-
iag twom thi^s ©xpftflft&at warn th# f9»8 p#:r mm% yi@14 ob­
tain® t froa mra. m with th® 88.S per ©«mt 
I'leM tor fhi® wmm mothear 0&s#i?vstloa pro-rlag that 
startli was a ^tttw satet]p»t« f©r «thaaol f©m@iitatiom than 
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uorMi aeal. It wm also #iri4aat tMt th® ooaoeatratloa ©ffeot 
obs®3PT©4 ia tli« @®s@ of a@i4 ^-ii-olysis was aot 4ue to tfe» 
toxlQltj to j«sst of th® aloo&ol ia th® «®shts. Howerer, at 
»ik«fa o©a®®atifatioia@ of BO i@a? ©oat or mor® this faot may bo 
tfe« mmaQn t&r tim low»r yiolts obtaia®4. 
©• Studies ©a ttoi Stbsaol Yields Obtalntd hj tk« 
Aold Sa#©|]«rifioatiott of Sassava#. 
1 dotailod Imvosti^tioa of th% possibility of using 
oassava for th@ ppoduetloa of otbaaol was aade by Banzoa {1940)* 
H# ta¥®stig®t®d tMt use of both, aold-bpaa and dilute mineral 
aoids for tii® saoofearlfloatiott of oassava ffiashes. The best 
yields olaised for ®oid saosfearifioati©a were slightly above 
fO per cent of theoretieal. A ooiabiuttioa of acid hydrolysis 
with «©M saooharifioatloa eafloyiag t^ use of 10 per oent 
sold-braa gsve ethsaol yields of 86 per ©eat of theoretioal. 
Ithaaol yield® of this saiae Mgaitude were produeed by using 
nold-brta aloat uader the soat favorable sonditions» 
oa ethsaol yields of varyla^ the ooaceatratlon of 
sold used for asoohariftostion of oassava mashes• 
la view of the wor^ presented on oora stereh, it was 
thought tesiimtole to investigate the aoid hydrolysis of 
©assava usiag the ©oaditioas found optimuja for eoim staroh. 
fhe following experlaeut wmn set up to obtaia this data: 
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tte#«3P#tl#s3. jt«M grmm 
fM t«t# la fail® .IXtJt iaiieat® thmt Qmmm'm 
is ««iF® "fe® M#sii«irify tlmn is eora star«'h» At 
first gMmm ©ae ©i^t bt 1#€ t© hmXimm scwtMag ia 
th® r##t wli#s %4r©l|fg£@i. jnrote##4 Mterial® %ml& to- yeast. 
emmmw, m mmm'^ tM® f^ssibility was rule-t out 
thm yi^lfts k#®p immmmln^ as thm st©i4 e©B--
@-eat»ti,oas. fli® yl@3.4 ©f f9»S per o-ent is 
mL^h hS,0Mr tlisB ofe-taia«:t. fei' l«a«©8 I If 40) witli stjpalght 
• Sia@® to® -uss-A m baating p®rloi. of 
©aly E i/g ii©mrs tMs ta41.«m%@a t&«.% i,0Og®-3? heating fiefi©4s 
w«re a@3rit €tstrat>l«.* ftot ssae e@a@#iitrati©a was 
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f ABIS XXX 
gff©©!; of facing Mmh Coaosntratioa ©a thm Ithaaol 
¥|tli.s Ofetitta#t Ou&mwm l^ir©l|'S5®4 with 0.20 
Mmtiml .Smlfwet® Aei4 for 4 Hoars at 20 
fomAs Steft« B^es'ssw®* 
''' '1m&^ egm*^ '" '" ' itOH yi#M, 
•aias B«r flask »@r ©tat p#r ©eat 
10 ©«0 81.4 
IS f.4 SE*3 
BO 10.0 82.1 
m IS..® 81 »© 
so 1§*0 ?9.8 
. m lf*i 79.1 
40 so.o fS.? 
4S zn*B it .8 
|'1®M 0»434 grais i>er giram ©asaaTs roQt* 
fli® MSli Aia not iaflixtns® tfe© etlamnol 
jlelA obtaiaaitl® #:rcfa eassaf® starch as ffiosh 
a® It 414 ia tit® @as® eeni st»©toi» fli® 4«el4e4 4&oresse 
ia 3ri©l4 witb 2I»i ]p®r @#mt mmh was prebabljr aae to 
tfe# al0©liei #©at«at ©f th® imsM resehing the point wimre 
it b#@€i» teaKi© to tfe# j©«Bt» It waa interesting to not® 
fr#» fabi® IXXl tiiat tMs f©iat wss r®«oli®4 witii eora atejp&h 
«t a Mgfe ©#a#«atr«tt®tt ©f £0*0 fsr cseat* Ih© faet tii®t 
tw© mshm^ hjm% tfe® s««@ staroh 0©iiteiit was 
reasoaa&ly ©Jf tMs Th& ^-telds of etliaaol 
©btai»®4 w®r® qmtt® go#4 end. ©meotupaging* fte« faet 
tfest the ampply @f ©assays root was ©jslnttstet pre'SFeatdd fHirth«r 
tawstifatl^a &t tMs pfobleia* 
1. laf'®sti^ti©a ©f S©iB»©y©ial lttti"i«at Somress f&r 
y®ast 0jr®wtii in Aetd ©f stareh* 
i.* m .varloma ^ImtcR mBmlm as gatrientg for yeast 
gewth* 
la all the #xp®afi»ats prtviomslj presented In tMs 
thesis tl® 00.m*glat#a TOal m®@t for mmtrient was that 
i.tsigaat®d ia tla® s@ett0a m atteriala m !• Tim 
supply of Ifeis aa,t#risl tos fee#oralag lew so it was necessary 
t© test s ii@w mp'plf «tf glmtdii* BpoliKiitary inT®stigatioB 
OB tli« us® of oat sa»ple of nm glut ©a mml 40sig3aat#4 a@ 
-glxitm B ratiior disootiragiag re®\ilts. fh® following 
s®vlm »ss ran ia or4®r to asttrmiao tho rslatif® ©ffootive-
a®ss of th% tteos mmmplm of glmtoa aeals aTaiisfe-le* !?he 
mmim& of tlias© aaterlal® faas boom given ta th© seotion oa 
ffistsrlsls-.# fMrtf-two gram® of eom stareli wor® iiy4rolyze4 
bj h@,atlag witli BOO ®1* of 0*10 noraal smlftirie sola at a 
st#sw prtssur© of 1® powa&m for 4 hmx^n* 4ft@r oooIIb^ th® 
"fmrloms aaomats of ©ora-glutta^ meal indloatod Im fable ,XXXI 
w#re s44®4, aat ttos pH adjmstod to 5. fhe m&qhm wer© then 
inoomlat®4 wltto BO ail« of aatif© yesst, alloirei to femeat 
fS li©tii*s,, and tit® tlitia 4@t0:ri8t»e4 ia the usuai maimer. 
fM»@ a» e'OllTOttd tJi fable IIXI« 
miUI XXXI 
Itiiaa©! Ti#lcLs Obtalatt Ffo» Stmr^h I^4rolyzat»s Containing 
• f«ipyiag iaomiits of Mtfmjt&nt €©3PS*01mten Meals 
as Smt3E'l®nts* 
^lutia us0^,. 
gwmB 
of sisoKol ia p«r 
of 
01mt«:a A CJlttiea 1 
Q@nt from use 
Sluttn C 
1 61.3 49*0 46 .3 
B ft ,4 49 .3 
ft .4 40.3 49 .7 
4 80.f '&E*& ' 67 .2 
0 80 *3 mB 70 .6 
$ ai-# fB»Q 74 •6 
ffe«.0»'®tioal y4»14 1§»M •^«ms ©tbamol* 
. -.fa-
fim mmmltm @f fabl® XIXI tatieated that tim old 
gluten inoml meed was smpsriei' t@ eitfeer of tii© two new 
saapl#s #l>taia#4» fMs fai©t w&m mim® it was 
now a@s«sa®ry to f^iniptstigat® the probl#® ©f obtaialag. a 
oheap aottr#© ©f amlrltnts# m^mm of th# eolor ant o4or of 
glmten A,. &»€ also beosms# of th# fa®t that a few ysars ago 
th® at#»p wat#r 0oa@@mtrtt©s w®r« added in preparing com-
glmtea aeml» it was amspeeted that better yields might be 
toe t# th® faet thst 4t 0©mtala@4. stetp wtt@r» Slaee steep 
water wsb a©t iM«4i&t®ly obtsinaile ® farther investigation 
©f e^ #ra»glaten mml wm •wa.^ .mTt&T^ m* 
m the •ethaa©! ylelA of the aAaitlon to aeiA 
hy4rolysat»a ©f wheat 'brma itaA eoraa-'glmtea. meal for otttrients* 
Whtst braa w@s feiowa to be a very ©ffeetiv® nutrient 
for the growth of aolAs* It was thought that ©offibiastions of 
wheat bran aa4 oorn-iglutea »eal mi^t prove to be good nutri­
ents* the following experiwat was undertaken to test this 
theory: fhirty*two gra»s of stareh were hy4rolyae4 with £00 
al* ©f 0»Qi aorsal sulfmrie aeid by heating at a steam pressure 
of 20 pouats for 4 hours* After eoolia^ the various araomts 
of oora-glmt®a aeal sni.. wheat br« wbieh are inaiestei. in 
fable UXll were etdeA, aa4 tis® pi aAJusted- to §• fhe mashes 
were then laooulstst with SO ®1* of, active yeast, allowed to 
faroeiit 96 hours,, and 'the ethanol then determinsd in the 
-.ff-
usttsl laaan#'!*# r^istjlts ©f this «xperlm®iit are oolleoted 
ia fafel® IXXII.* 
fABLS XXXII 
©a ItlMia©! Yi#M tk@ Addition to A©14. iy4roljaates 
of 0©®!jia0tl#»s ©f 0©ra Sltit#© and fheat Bran 
for ItttritJi'lsi* 
Aalomaf of 
gkutm a 
a4t®4# 
gluten C 
att©4,* 
iaomai ©f 
wb®at l>r aa 
et4@4. 
••'••" • 
p«r ©@nt 
a.s §•0 omq ft .4 
§•0 0*0 
0.0- 2*0 0.B 79*8 
0*0 u3 i.o 82-S 
0.0 1*# 1*5. 81* f 
g.O 0.© 0*q 3@a0 
0.0 0*0 2«S 81»6 
0*0' 0*0 20.0 84.@ 
fii#er@tl©al jl®lt ©f ettoaasi iS#M pmas.. 
tMa #:Ey®ri,»eat lllmstrated %m r@»arkabl« stimulatiBg 
®ff00t sf @ sa&ia. aaoiiist of wfeest braa «v«n on %im g0©4 
gluten us@t la preTi©^- w©rk« It is sigaiflesnt. that tti® 
yt@i4s ofet«ia#a. frea m of glmtsa and wheat bran were 
b«tt«r than those obtalmed witfa tither laaterial when ms©4 
alott®* 
1©§-
SE 'g'teitiieX yi#a.4a ef %m- addttlOB &t Tarlous 
wmirimM t® ieia«'J^'ag&lyg»4 
ffc# ,tnfii3i®ii0® ef wfetat hmm loigiit be da® 
t® til# p:r#««a0# .@f salts mt ti© tii® preseae© ®f 
®®rt8i,a 0em%h tmtmm* Wmt iKWLs if®aaoa it was teslra^l® to 
r®p®.8t «:©*« .©f ppevioms mwk reported in this t-hdsis, brnt 
tMs Mm ms© ©f aiti'atts hmm®% they Aid net 
t© b@ g&ot soqjp«i#s for jrtast prosrtlj.. fb® eon-
titloms m8«4 la tM.g w«i?© t&# stii®' as thos® fO'j? 
til# .iatit in fatolt ?I| an*:!!-, m graa© -@f staj^h were treated 
tor a l/g tomra 12 leands stea® pre:sst»« with O.X§ noTml 
anlfwt® «®i4* fto 'data air« ®oli®©ted i» fafele XX2I1I. 
fUM XXXIII 
oa Mimml S"i®Ma ef tim- A4€tti'0a of faficms 
t© Aiii&-1^43p©ljrs#4 star®k* 
testo. 
G-ranis of i"lie following added" io ; 
oaeig 
BOO mi. 
©era 
glmtea 
of mash, 
wii«at 
hrm 
ItdM 
psy 
0®at 
1 0.g4 •**•••*»• 27 ,6 
S' «!»•»« «to.«Mk O'..01 
—• 
wB aw m —I- g?.6 
1 o*m —f'W* mttim:. ag.s 
i rnhmf-mm" •ttrnmrnm-mm- SS*7 
5 0*.M 0*01 n*m Q*m mmKmnnm 4^5 •§ 
6 0*M QmOl 0.-0S 0*00 79.6 
• f 4l».a»4WNM» z*m 73.2 
i .K. Hi iw 1) e*'W<W|fc*ii •n. <pi dWiiW' 2.00 0*60 82. a 
jl«14 14.»Sf gyaas ©f 
-log' 
fli® r@sialts. from fable XMIIl tfes tata reported 
ia tl» pr#0#4i.ng txij«3ri,it®at| as»a.ly., tMat «©ra*glmt®ii plias a 
littl# wli#at feran w»# «0St mm mtrient®. ffes 
iaflstm®# «f wJitat braa wm 6p|«r€fBtlj la some 
r#sp«®t. t@ laorgaai#' salt® fr«#.»at,» b«©aii»8 in «ssto limber 6 
tfa® total, fi#14 was mmrly 9 per «@at higher than ia Itmber 
f vMm -mlj #©,ra«^"atsa was pr#g@nt. Masii liaafe^r S gave 
aearljr Z pm e#at b«tt«r jrltlds tlaaa Aid Smfe«r 6; thms ta-
4l#atlng -feat TOiwtMag ©tlier ttea^ ia©r#ani-0 salts was r©« 
sfossiblt im- the Mg^@r etMaol fields obtainst hj the us.e 
©f feraa with 'eo-ni^glmtta as-a astri«,at» 
:i» o» »thjiaol TlmMm t£ tlii aMttioa of yarloma aiaoaatg 
c?f gt#®:! »a-t«r to a®i&'*-l^i3?olj'g©A starch» 
Sttef water to# b«a report#4 fe,y Wells, 'LmTmoo&f Stubbs,^ 
lo#, Forges* aa4 ^MalroeS: {IfBUI to be m refill nutrleat for 
the growth of Aoetotoao'ter aiiboi;y4aas» fhms It was suspecteS. 
to l»s a good autrisat fer yoast growth^ •aad as l^iis woal4 b® 
m "rerj oheap somroe of amtrieat, it was teslrable to iavesti-
'i 
gat® the possibilities of «@iag tM,s ^terial. fhe .followiag 
e2:f@ri,®t,at was @srri#4 omt to exaaia© the use of steep water 
for jea.st mtrieati thirtir-'two gsr&mM of starch were wei^#4 
iato iOO«al» Irleaaeyer flaatoi ooataiaiag a total toIu®© of 
ZQQ ®1* Q»®§- aorwl salf^rio aoit. solmtioa omtaiaiag heaty 
steen water of th# ©oaeeatratio'as speoified ia fable USIY* 
Utfell'iiis WMM at 30 |>otmts: st®»si frtsatxr^© for 4 
&©ttFS-». mmlim* fi was 64JiiSt®4 to 0, aa& th® 
flasks we» wit& tO ml# ©f m aetlw jmst omltare* 
fli«jf wm» al|.:€W©d t© tmt ti bows. Tim etim»ol eoa-
t#a% waa tliea 4@t«i»i^ia@€ la tfet msmal ®araa©r» fh® ds,t8 ar« 
ia. .fatel® XSI?. 
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fABIS mi? 
Mfm% m Mthmal Ytelts -of %M Attittcia of Mmvf Steep 
ifatdi* ®f fmilGtas Soiji^^nti'stloae fo Stayali 
Dalies mmt&m antmtmrlmgm 
$T"W •rarrieHr 
eent i*A' 
2*0 
g-»-S 
a.o 
i-.ti 
4«G 
4#:§ 
f0*0 
?g.6 
7f*4 
f6.t 
f6.6 
f8«2 
78.8 
fh®#r«ti@al yitli. X§*§4 ^emm «tfea»ol.. 
lli®s« Sata lllmstr-ate tJfeia't ©f steep 
water greatei' tlaa i«i ^®ias per 11 tea? tasTe irelatively little 
mtfmt m the mthmmtil jrl#14 ©btained* thm i-ields of etbaaol 
we^ :S©ffitwiiat l@wef thas tMse ©btatiiet by tim use &£ glmtea 
A .as s amtifi-tst-# Klflter- yi«14» aiglt b® ©btaiaet if tfee steep 
«rat®.r oosaeentrat®© W0.rm nadsC m£.%®x auto© lair tag» sosse 
•of the «lmfeie TOtetaaees ntgtot be testrejet m a re-amlt of 
amt©#l«viwg.- fMs |tai»t v&b te.at«4 ia %M follow!^ experiseKt: 
It wss 0a.iRri«-4 @mt exactly like tUe preQediag oae e»ept tMt 
tlie steep wat«f was ®.iA»4 after ^-Arslysls# the res'alta asNi 
•lOi-
ta fa-Hl® KIM* 
f ABii UOC? 
Mtm% m Mtlmml TltM ef tli® Ai4iti©n. ©f SUmp Water 
09se«.Btrs%:«s of Oenetatrsti^as to^ 3t&mh 
WmBimm M%& l#iaf 
'T^oasT'lf '°@lii^'"iralii»''''" "" '•'''""''''"¥f6H'''W®S!l' 
g«./l> ger oeat 
X^S fS.O 
E.5 SO.6 
g*.§ 81 • 4 
4...0 m..z 
S»t 82*5 
6»0 83•S 
7#0- 83 
fi#M i5«S€ graa® ethaaol. 
fii® I'eaialts- <if febl® KMM taflloa-l# m%hm olsarly tkat 
st#ep ;ws%ef eemlt m vm&a mm a antrieat £&• jmrnt growtii if 
it is ai4t#t 6ft« %M Qi tM .stsreh lasBhes. A 
e©air®at#atl«sa 0f 4«6 g^mm& pm litftj- appaartd suffloient to 
obtata tm±Lm&m 3ri#Ms ©,f ®tha»o3.. If tl» ste«p watey was 
•tt€i.e4 Mtmm aiitoeisTiaf.,. It loat soo© ©f its 
fMs is illtta%3ra.t#4 fey m mmpmlBm of fabl#s XX21¥ 
ant ISf • 
St##!? »at.®r aiott® mm. prowa ir#ry effifeti-re tn the 
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bitt aoatslmtloas of at©0p water and other 
omtri#ata Mi »et bmm. trie#., fii® foliswiiig ©xp@riiii®at was 
t#!3iga#d t© t#st tliea# t^sforttmateij aot wou^. 
gta»ii r®»aiae4 t® pti-sit mslag the ©o»«@iitratloas wMoh 
mmm -osM abov# m& I§ graaa mt staireia mem tddeC to ZOO lal. 
©f 0#-©S :mM* fM mmmMm were intended to 
b« lydroly«t Mr 4 Mw® st EO potmda steaia prtssure., but 
da# t© a ebaa^e la lia© tMs wat mp t-o Z3 powadB* 
tm fmmmtmti&m sad aoaiysis &f ethaaol were 
@»3ri@4 @mt la tim msmal asimtr. tM data sr® coll#eted ia 
TMb lIKfl* 
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fABIii XXXfl 
Mtmt m Mthmol YieM ef tfee AMitlsa of OomblaaMoae 
©f Stm'S "ihe'dt .Bran and Coxm-Glateu td A©14-
iiydi'alygtA starsti ISastes# 
iliiteii 1 iait^ 
i© SOO al,« m&mhp 
gj?a»a 
mm&i byam 
t# WQ ill* mmfi., 
gmm 
Si@#p mtar 
#©«©©» trail oi5.s» 
gram/ 1,. 
StOH 
3rleM» 
p@r eeat 
&*S 0^.0 0.0 m*5 
O-O 2.5 0.0 87.1 
0.0 0*0 4-Q 91.4 
1*0 4.0 91*4 
0,§ 1...0 ^•Q 90.8 
1..P8 1»0 4,0 90*0 
i.# 1.0 0«0 90.2 
jt@2.A of etfesa®! f*'If g3pa«s« 
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fi, mmmm mp oomimimn 
I* A ms© ©f Mtmsral ®eits aa4 ©f 
a® s»©siliai'if3^iiig ag©»ts tm tiie pr©tu®tl©a ©f 
sfeit mg&wm. twm mtmmh was m^rtalEea* use of pbosphorlc, 
^.ijr©efal©3?l@ »i. smiftiii© a#it was tnir«8tigated* 
g* @f @©m aas@Mrlfi©4 witfe O.IO 
BO^afiaal .h^ytrosfiilsiri® miM. mmA a stsaii prmnweB of 30 pown-48 for 
S liciws prstoeet aaowit© #f ®qml t® ttoose ©btaised ia 
•fcfe® ©©©veatimal mslsg 10 .pii- @eat sialt* 
3. Mi%hm ©t ©«i4 be u»«4 
f©i* a<si4 Tim mu&m%m%%on of tojixocfelorio 
m@i4 m&mmr^ fw g®#A ®f starefe to- fermentable 
smgars is ssaiiiwfeat less thm aa©«at ©f met 4 
a#e0ssai^* Hswevtr# i^ireaM^ri® ®eia. «i lower ecaaeeatratieas 
gr«mt@r ©ar»ii«llatl6a ®f %M wug&u^ protmeed th&n 4ta. 
®«afuri© Wm this r#.as©ji.^ ia»4#r ©©rtaia a^aaitioaa* 
•smlfmri® ®©it pp©i.«.#«4 lacar® fsrmftBtatl® sugars tfean 414 hydro-
elilerie#^ .i%®»pli®rie #©14 was f®im4 effe#tiT@ only at eattremely 
Mgl'i 0©a##atimti-©iis» 
4* la gmmml Mg&sr stit« p.r®.sstap®s aa4 slioi'ter 
.f#ri®4B ©f fetatlag pr#to«#€ tl# ©ttiaiiol jiel4s fro® 
©®ra mm% wM&h imi. kmm •»®@.fearlfi®4 wi%h. tilmte aiatral 
•aetis# 
§•, Whm a©li.-iraa was «44®4 t© ©@ra aaslto# partially 
•3.10-
a@#0,hai'lfi,®4 l»j byireelaloris sold v®ry high ethanol yields 
w#i*® obtaia®4» . fh# a4ttti©a of 4 p#r ©#iit mold-braa to these 
swsitos pfota#©4 aa ®thiua©l yi©14 of fl-5 par ©eat of theoretl-
oai* 
6* A s#a3Pelii was sat® foj- aa ©ooaoi^eal soitre® of the 
mmt]rl«ta s^e^ssfiry for yeast ^©wth ©a a<3i4-s®e0harifi©4 
stareh ffiash«s* St«#p wat«i?., ©©rtt-glmtiiii m@«l^ aad s mirfeaire 
of sora»gliit#s ii®-.sl with wh®at bran wbt® T©iy €sffeotiv@» If 
th# st@©p watsr was «44®d fesfor® th« l^drolysis of the staj^h, 
it b©e®i» sosswfest Iftss ®ffe@tiva. a mmmtt&tiqn of 4.5 
of h®a*y st@#^ wmter f®r lit«.r of ©ash wh©3a a4^4 after 
hyia-o.lysis was found *ost eff«otiirt'* fh# «ffeotiir®aesa of 
«©3Em--glmt@m mml was »ot apfreeiafe:^ aitw®4 wfeethor a4de4 to 
til© mmhm b®for« at- mftey hyijpolysia# fli® sli^^it loss in 
ji©ti¥tty when it wm at4#4 hFdrolysis was mor« than 
ooafTOsattd f@y by ti» iaer#a8@d rat© of ferffleatation of the 
»ash®s#- farifitiosa w@m fotmd wh®a 4iff®r-^t glutea meal 
preparatioias were msed# More waifQim. resmlts sould probsbly 
h® expeoted if heafy steep wate^ was maed instead of corn-
gluten sieal for amtriemt# 
f« doMi staroh was found to be more readily saeeher-
ifled hf diliat# aimeral aatto thaa eorn meal# The yield of 
ethaaol .resoket !©§ per oeat of theoretie©! when f.S per oejtt 
stsreh Mahes were hyteoly^ed with Q*QB moraal milfiarie aeid 
®t m steam pre#aiar® of iS potsads for 4 hows. 
-13.1-
B* H«mtrali®a%i«m ©f aoi4-aa«®fea.rifi«4 @ta-r#h, aasliea 
wltM awamins instead ®f seal ma etrfeoaate resulted 
1» a 4Q f®r ®«at is t&# ethrnml yield* fjie addittoa 
of a»#aii3« salts t© «itJi#r 0OM. or stareli mashes s@eeh®!rlfi@d 
fej ml&'Wm. «!## 3:'@smlt#d ia l#w«f jleMs* 
f • fM jleld •©btdiaed ff©® aai4-®a©oh®ritied 
»ss a 0»f assli eoae^ntration, aeid con­
cent rati on, fei»d ®f a#id st#aft pressure ®nd tim® 
«f is^teoijsis# 
10#^ fli# mxiw* fl«14s w«r@ aot ©btaia#4 -from 
s:el4-«@@lis3?l.fl#4 startii »asl»jis wMeli show«4 th# gi^eatest 001s-
e«iflMti0a ©f smgarii|> fetit imtt©»4. »stsfe6s ia 
Sfi»4 ftr stmt »f' fe# staMto to,«4 fe«#ia s©mi-@rt®4 into redmoiag 
magmm firodue^d as ji®14 #aly ?f»f p«r @#iit ot 
tli«©r®tl©.®l witil® t&@s# tor m lon^r period sbowiag 
t8»g -ffBT ©©at aoavti'sioa ©f &t&mh to rtdmeiiiig migsrs pro-
daetd ma #tliaa0l yisld ot 8t»g p#!" eeat theoretical* 
11# fh®' lowm «tfet.a©l yleltJg obtaii^d from oorn meal 
thsft t^m m-wn mt&'dh wli#m isotli wtr@ aubieet#4 %o adi4 
ixmdey th« mmm$ @®a4iti«a@ wmr® fo«wd to be dme to 
til® ©f mm fersE. Apfareatlj the liydr^ljsis ©f 
tk« b»ii pm-Mmm mmtMng toxis %o ye-sst* 
12» fl^ addltiea of ©sail o»mits of fflold-brajn gr«atly 
ia@ye»s#4 Wm |ri#M ot etimmol ©fetained froo stareh masli#® 
p»rti«ilj sa00h8rifi#4 dilmt® aiBsral asids* fbe additioii 
•liS» 
©# 4 tty to f per 0#Bt starefe cashes amohmr-
tfl«4 mtth ©*08 atl4 at 8 st#®© prestwr© of 
1§ f0tiii4s- .fer 4 keiffl's taer@s»eil tfe# ®1^®u©2. yieM fro® 8f *4 
t.© 96*0 seat of liea 16 per e@nt amshes 
W0» masar similar emditiosiB the aMition of 4 
psf m&t a©14-isrtm taereas#4 the. @t]ba»®l yleM from 78»S to 
8? *8 p#3P #«at ©f fk# sidltloa of larger aiaomts 
of »14»i,riia t©'#itli©r ?•§ «»r 16 f«r eeat m®sfe«s aid not 
imTmam tie- ^tliaaol fi&l€ t© appreelabi® 
©xt©r$i;» flM aMl'tlem of «alt to a©i4-.sa®e!iarlfl©4 aia-aliea 
4i4 aot iaprease tbe etlaaol .shield ofetaiise4« 
Ig. il©14«*6rmii. prG4u0«d feigher yields ef etBiaaol fro-ro 
mwM. startli tMaa tt ilA frsa miix H»al* At the o-ptiam®. 
#eae0atraM®a #f 1§ p& mm% iiol4*»br8H m ettoaaol jiel4 of 
fl»g a@at was obtalnist fro® 16 per mn% stajpoli 
fJi# ms« &t $ per mm% «oia.-br.sa produces sa etlianol 
yieM of S6»f of theoretical* 
14» Qmmmmm 0ta«Ji was lameJi »or@ diffieult to liydrolyze 
tfeaii ©«rii @tar0ii* WtBm a 10 per otat gr©mo4 sassai'a aasfe. was 
^irolfmtA tm 4 l.©mrs at SO potmd® st«aM prtss"ur© with O.BO 
:a©»iil SBlf\srt@ ftsit. tli« stfasii©! yt@i4 ©btaitjed waa 8E.1 per 
mm% of fbta w«# mmx-ly ©tmal to that obtata«4 
bj (If40} wltk tli# nmm .»®14«br®a- fli® masli ®oa-
@«mtri&ti-«a 414 .net tfc® ylslts ©f stiisaol ©btalii®4 
fr©a ctisavt as si it tit la th.® ©as® o£ «arn starefe* 
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fll. I^IfiEAfMS eifSS 
F. U@b«f $mn imt&mabrw&gmprmmb b®i der llawlrtomg 
m£ Star^eiaeM b®i bobena 
i* &aXt. mm* |f, 46-9?. 1880. 
i» f«»#Etatiir@ mtiltaatlom of @sss®ira. tMpmbllshed 
Fii» 3* thmi-B* Mbraiy, lews Stat# Goll&ge, Am®®,. 
tmm* iS40» 
!• Wm nomrmu prmh&i in4ustrl®l 4® Mstillatloa 4u 
m&is pm smmimTitimttm mB@ mtilisatl.o-ii 4e 
totis l®s &&m.m pr&imitm* Qrig* Qom* Bth intern* Oong* 
Apfl. ifata. U, g5-g9. 1911* 
A* flw 1^1© 'pren®®®#- In4» Mg* Qhmm* ZB, ?12-1S. 
i%m* 
teya©!*., h* S«. 0terls"l#as@a, Ii« !•,, aia4 Fwtlffler, S. I» Hydrol­
ysis of oat tells wt.tto. if4r©elslori.@ ®@i4* Ia4» lag. 
Olitii#. If, 306-8 • IfiS. 
C«ll®baa1», P* M®amfa»ta3r@ of Sag* Pat«at 1413. 1898 • 
Orl^aal aot 8®«a» im 3* Soe* Oh®m# Ia4# 
if ^^. m* 190D. 
Gollsaa, A» .1. AliSoiiol fjf« ©as.8®Tt* Dtpt» of l^gr* friial-4a4 
«€ fob*go-,» Mll» Si. 191€. Qriglmsl m% &mn* 
Abm%wm%®A la. C# A* f, IES4* IflS* 
•««»* 
collstt®, .4.«. ®ii4 soiila# a* mr §@wlimmg fott 
AlMolol ams &t®iPtal mt®!* Ssntitgiimg 
-lli-
as«ptisdiiei? tm4 f&TgarvM^ edttels 
9f,ISg. 189?« Original aot 
8#@a«. AbstM-etsd iB 0M®®» Z«atr* pt» !•, 70, 1S5* 
iSif* 
A ©• M^wmn, optl@@l rotatioa aa4 th« 
©f atayeli pjpo&uets# 
Orlg« Sea. Stli e©ng* Appi* 01i©«. 6f-70-
IflS* 
Bextrta Aat©aist §»s@13.s©.laaft» Mgrntfjiiig aaO. seoeliarifi'ing 
ttaswh* If it* l»at«at SlS^fOS# ltE3» Ortgiaal not 
s«»3i. Ibstraistsft la e. A* JJ, B9f§m 19E4« 
I.'' Sa^eijarlfl^atioa ®f ©siybQl^dratss. Pr. Patent 
f07g96&« ItiO# Oiflglaal not g®em. Absti'scted. in 0. 
Ult. imz. 
itary®®» G* S. fli® ®0lt %<l3Pol|'sls of stmrefe graaiiles* J* 
So## Oh,@ttir I HQ.# 30# 78§*»§'0« i91i» 
> S« I., Slt@a?»©o4:t F» f., ami. lelson.^ ?« 1. Sffect of 
aaiii©nl«a ®iil..erl4t upon growth of yeast aai4 the 
l^iratioa ©f gl-atsa la ls®©r wort. lad. Sag-. Ghea. 
M,. fgl« itg4--
§all®, 1# Bss As^ioftrfahpsa im4 e®la® towentungsmoglleh-
:fc®lt«»- E* Aag». Oliea.* Sfe. Ifgg. 
>: ®«yoa,, H. ^ita4 1* B® 1® ftarmentatloa al#oollt«.® 
Is 4@xtrlu# at t# l*«ffli€oa par les tee or s. .Ami. sc. 
1, 3.S87* 
-lie-
im F» l®lati©a &£ stirmstTi]?# of sugars to e.ii©iBisitt of 
l3m%3.*ao«toiil@ ftnatatiiti©!!- Hapablisliigt Ph* ©• thesis. 
Mbrai'y, Iowa Stat® eoll®##, Aass, Imm» If St* 
l«44ik,j f» i^®faj*ati©a. of Atp^r^llms ezyaa® mzjmm* lad*. 
Sag* Ofeea* |£, IfSl. 
S*.S# Obs#rfati©as# expeipisno^B, #t motio®s 
iat«»ssaat@8., faitts «t ^ l*Aoa4^mi«. 
l#a. A0a4.. St* 4, E?. 1811* 
*@lson, S* E* fii# Mejl® a#i4 of aoid fe^rtr-slyaates 
of pt.itt&s«a*@-9at8laiag mt®riala* iffiapublisiied M* S* 
thesis. l0ir«. State 2ell®gif, Aats, Iowa. 1940% 
SttSQulms., M# f» l^mvell# met© sar la transformstioa de 
I'sffiiden. ®fa 4@xtriii# #t mn slmsmB* Cospt* rend* 
aead* a©i. M, If^-f* 186S. 
Mmts., S.,, aad faasJEs, S« fk# Mj^Iq pem&mn*. i» Agr. Che®* 
Bmrn Mpmm M,*.. 12f««®S» ItiS* Origiial not 0@#ia* 
Jtbstraettd la S* A* i-0, 6S0S* ltS6. 
Oka.saM.p X* Siitrage mr Mfiiii.tat eia©8 aeti©Ht woissea 
fad#iiplliE«8 ©ligsaMi). Gsatr* BaS:t. 
pt- 11», 4g, ggi-40* If14* 
Ortrsdf I- 0* fh® apfliaatloii ©f faka-lo^i in distilleries* 
Orig. C©«* 8tii lat* toBg* Appl* Sh©ffl* ^ 69-"?6. Ifl2. 
0.«hl«a» K* .lr©teas« aad siiylas# of Ammr^lXum oryme* J* 
e©ll* Mgp, MorKtld® lap* UalT* 3J» pt* 13S-g43. 
1SI8. Origiasl not ##©»* Abstraetsd ia C* A* BB, 
ggtS* If at*. 
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im liylQ3.yti0 IT* S* Patent f91,561« 1911. 
talaaia©, J. i^©s®iis fw -pmiM^ug tiastatie protect. U* S* 
mtmt 1,054,324* ISlg# 
S* protmet# U# S» Fatsst 1,0S4,626. 
Ifl3» 
falEamla©, J* I?ro0#ss tm fareteoiag ilastatls protuet. U* S* 
Fsttat l,Em,81?. 1918. 
fal:©«ta0» Ia^mt0 smbstame#® ®b4 proeess of ®al:ing tli© 
U# S* 1,460,fSS# lfS5. 
fafeiita|. T# CeaparisoB tias aiaylelyti© power ®f RMzopus 
ggl@«af W^imstw et Emmmm ai>& Rlilzopii.s JaTanious 
falets tm Miits of stareh* J. igr* Clie®. 
Bm* M-ff&WL lit t43-§S* %9W* Oi'tglaal not se«a. 
4bltrs0t«4 4 a C-. !• 30., 2216. Ifl6. 
fateda, T» IfaiaQBiaa III» €las#ifi©®ti0ii of RMzopua produced 
la Java and Smaatra., and tJi# itolation of the ®p®ei©s 
hmin^ m «tr®ag aaylolytte power* 3* Agr* Gfaera. Soo* 
Mpma 11». S4S-9S0.. 19gS» Griglaal aot seen. Ab-
atra«t#4 is G# A* iO,> 2^16# If Si# 
ffeetenot,. #• B# Saeoliarifyliig at®rg% aattrlals# U. 3. 
Pstamt l,,i4f,,@4§. 19gi« Original m&t mem* Ab-
mtrmetm& in 0» A. 3^, SOSS. 1925* 
Wat©rS:ofl#r.,. Ij. A*» l^aliaiir, 1# I«, aii4 S®lio®ii©, !#• Saoefearlfl-
eatlen ©f @tar0% ^ala maali©s for tM slaohollG ferment-
mtlm imflttstry. Use of moia ©ra^lase. lad* Sag. Clieffl. 
34, 'if as. 
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!• A.-, a. w* Sao-
e.ii«Tifl«a.lil©a &i utmmh gr&lm. msk®© for ethanol fer­
mentation. tJse ©f solft-^aii^las® p*@|mratioas. I^per 
preaemt#& t© Imm A&m€^g^ of sm&mm Afrll 1941. 
(Ia fr@«# lro0« I®w«. MmA* S&im 1941..} 
If» S* ®®pt# of ^gfleultw#, legloaal re-se-areb laboratories... 
r@f©rt &f a •^smrwy. O'# S» ?6tfe G&ng*, 1st sess» 
bmmu 4oe'» $§* p, ai. If3f.. 
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